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AB The antitumor prepns . are hydrogels prepd. by impregnation of a 
collagen-2-hydroxyethyl methacrylate (I) copolymer carrier with 
camptothecin derivs. A soln. of atelocollagen in an aq. HC1 was mixed 
with an aq. soln. of CPT 11 and I, and the mixt . was further treated with 
ethylene glycol, an aq. (NH4)2S208 soln., and an aq. Na2S205 soln. at 
37. degree, for 3 h to give a sustained-release hydrogel . The 
hydrogel was administered to healthy mice. Plasma level of SN-38 
(metabolite of CPT 11) was gradually decreased from 0 .'5 .mu.g/mL to <0.1 
.mu.g/mL over 5 days, while the level after a one-shot injection of an aq. 
CPT 11 soln. decreased 0.05 .mu.g/mL within a day. The hydrogel 
also showed excellent antitumor effect on mice bearing Ehrlich cells. 
ST collagen methacrylate hydrogel antitumor carrier; camptothecin 
carrier collagen methacrylate hydrogel; sustained release 
antitumor carrier hydrogel 
IT Collagens, biological studies 

RL: PNU (Preparation, unclassified) ; THU (Therapeutic use) ; BIOL 
(Biological study); PREP (Preparation); USES (Uses) 

(copolymers with 2-hydroxyethyl methacrylate; sustained-release 
antitumor hydrogels contg. camptothecins using 
collagen-hydroxyethyl methacrylate copolymer carriers) 
IT Neoplasm inhibitors 

(sustained-release antitumor hydrogels contg. camptothecins 
using collagen-hydroxyethyl methacrylate copolymer carriers) 
IT Collagens, biological studies 

RL: PNU (Preparation, unclassified); THU (Therapeutic use); BIOL 
(Biological study); PREP (Preparation); USES (Uses) 

(atelo-, copolymers with 2-hydroxyethyl methacrylate; sustained-release 
antitumor hydrogels contg. camptothecins using 
collagen-hydroxyethyl methacrylate copolymer carriers) 
IT .78287-27-1, 7-Ethylcamptothecin 86639-52-3, 7-Ethyl-10- 
hydroxycamptothecin 97682-44-5 

RL: BAC (Biological activity or effector, except adverse); BSU (Biological 
study, unclassified); PEP (Physical, engineering or chemical process); THU 
(Therapeutic use) ; BIOL (Biological study); PROC (Process); USES (Uses) 
(sustained-release antitumor hydrogels contg. camptothecins 
using collagen-hydroxyethyl methacrylate copolymer carriers) 
IT 868-77-9DP, 2-Hydroxyethyl methacrylate, copolymers with collagens 
RL: PNU (Preparation, unclassified); THU (Therapeutic use) ; BIOL 
(Biological study); PREP (Preparation); USES (Uses) 

(sustained-release antitumor hydrogels contg. camptothecins 
using collagen-hydroxyethyl methacrylate copolymer carriers) 
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AB Implantable collagen-poly (hydroxyethyl methacrylate) (HEMA) 

hydrogels contg. antitumor drugs were prepd. and evaluated for use 

in controlled drug carrier systems. The drugs used were CPT-11 and SN-38 

which were derivs. of camptothecin (CPT) . The drugs were released from 

the hydrogels at a const, rate (zero-order release) over about 1 

wk. The drugs sited in the plasma of mice were detectable for 5 days 

after s.c. injection of the hydrogels while they were 

undetectable at 24 h after the injection of the drug aq. solns. Ehrlicn 
solid tumor was developed by s.c. inoculation of the tumor-cell suspension 
in the inguinal region of mice. The hydrogels demonstrated 
qreatly improved antitumor activity over the drug aq. solns. as evidenced 
by the gross tumor wt . and the survival time assessments. This was 
attributed to the controlled and slow release of the drugs from the gels. 
ST implant collagen polyhydroxyethyl methacrylate hydrogel; 

camptothecin deriv tumor implant 
IT Neoplasm inhibitors 

(collagen-poly (hydroxyethyl methacrylate) hydrogels implants 
contg. camptothecin derivs. for solid tumor chemotherapy) 
IT Collagens, biological studies 

RL: THU (Therapeutic use); BIOL (Biological study); USES (Uses) 
(collagen-poly (hydroxyethyl methacrylate) hydrogels implants 
contg. camptothecin derivs. for solid tumor chemotherapy) 
IT Pharmaceutical dosage forms 

(hydrogels, controlled-release implants; collagen- 
poly (hydroxyethyl methacrylate) hydrogels implants contg. 
camptothecin derivs. for solid tumor chemotherapy) 
IT 7689-03-4D, Camptothecin, derivs. 86639-52-3, SN-38 100286-90-6 
CPT— 11 

RL: BAC (Biological activity or effector, except adverse); BSU (Biologic'al 
study, unclassified); THU (Therapeutic use); BIOL (Biological study); USES 
(Uses) 

(collagen-poly (hydroxyethyl methacrylate) hydrogels implants 
contg. camptothecin derivs. for solid tumor chemotherapy) 
IT 25249-16-5, Poly (2-hydroxyethyl methacrylate) 

RL: THU (Therapeutic use); BIOL (Biological study); USES (Uses) 
(collagen-poly (hydroxyethyl methacrylate) hydrogels implants 
contg. camptothecin derivs. for solid tumor chemotherapy) 
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AB The present invention provides oral dosage forms and compositions for 

administering antineoplastic agents, such as irinotecan, etoposide, 
paclitaxel, doxorubicin and vincristine, whose oral effectiveness is 
limited by pre- systemic and systemic deactivation in the GI tract. 
Gelling of the gastric retention vehicle composition, and in the case of 
solid forms concomitant expansion of the composition, retains the 
antineoplastic drug in the patient 1 s stomach, minimizing pre-systemic 
and/or systemic deactivation of the drug. 

PARN CROSS-REFERENCE TO RELATED APPLICATIONS 

[0001] This application claims the benefit of provisional application 
Serial No. 60/273,428, filed Mar. 5, 2001 and is a continuation-in-part 
of U.S. patent application Serial No. 09/887,204, filed Jun. 22, 2001, 
which in turn claims priority of provisional application Serial No. 
60/213,832, filed Jun. 23, 2000, all of which are incorporated herein by 
reference. 

SUMM FIELD OF THE INVENTION 

[0002] The present invention relates to antineoplastic agents and in 
particular to antineoplastic agents whose oral effectiveness is limited 
by pre-systemic and systemic deactivation. The present invention further 
relates to orally administered gastric delivery systems for releasing 
antineoplastic agents in the stomach of a patient. 

BACKGROUND OF THE INVENTION 

[0003] In cancer chemotherapy it is necessary to eradicate all tumor 
cells or the surviving cells will continue to replicate unchecked and 
the cancer will return. Toxic side effects of antineoplastic drugs 
impose a ceiling upon the intensity of dosing per treatment cycle. Each 
cycle in a program of treatment kills less than 99% of tumor cells and 
some regrowth of cancer cells occurs between cycles. The proportion of 
tumor cells killed in a- treatment cycle typically remains constant 
throughout the program even when the disease responds well to the 
chemotherapy. It is therefore indicated in cancer chemotherapy to use 
the highest dose of an antineoplastic agent that a patient is able to 
tolerate and to administer the drug as frequently as possible. Goodman & 
Gilman's The Pharmacological Basis of Therapeutics 1230 (9th ed. 1996) . 

[0004] Many antineoplastic agents used in cancer chemotherapy are 
administered directly to the patient's bloodstream in order to bypass 
problems of absorption and pre-systemic metabolism. Intravenous delivery 
is not amenable to self administration in a home setting and usually 
necessitates hospitalization at least as an outpatient. Intraveneous 
dosing schedules, although of high intensity, are typically less 
frequent than they would be if the drug could be administered in a home 
setting by means other than intravenous injection. Chemotherapy with 
many antineoplastic agents could benefit from a higher frequency dosing 
schedule for better efficacy, in some cases in conjunction with lower 



dosing in order to reduce adverse effects. 

f0005] Irinotecan (CPT-11) is an example of a drug that is currently 
administered by i.v. for which extended duration of therapy is more 
efficacious than higher dose intermittent therapy. Thompson, J. et. al. 
"Efficacy of oral irinotecan against neuroblastoma xenografts 
Anti-Cancer Drugs (1997), 8, 313-332; Drengler, R. L. et. al . , Phase I 
and Pharmacokinetic Trial of Oral Irinotecan Administered Daily for 5 
Davs Every 3 Weeks in Patients with Solid Tumors", Journal of Clinical 
Oncology (1999), 17, 685-696; Zamboni, W. C. et. al. "Studies of the 
Efficacy and Pharmacology of Irinotecan Against Human Colon Tumor 
Xenograft Models" Clin. Cancer Res. (1998), 4, 743-753. 

[0006] Irinotecan is a water-soluble camptothecin derivative that 
interrupts DNA replication by binding to the topoisomerase I enzyme 
responsible for cutting and religating single DNA strands. Irinotecan is 
most effective against a particular tumor cell during the DNA synthesis 
phase of cell replication, making it a phase sensitive drug. Only a 
fraction of tumor cells are vulnerable to cell death during a treatment 
cycle with irinotecan because only a fraction will be caught in the 
susceptible phases of replication. 

[0007] It has been shown in an animal model that lower dose daily 
administration of irinotecan is as effective and less toxic than less 
frequent higher dose administration. Houghton, P. J. et. al. Etricacy 
of Topoisomerase I Inhibitors Topotecan and Irinotecan Administered at 
Low Dose Levels in Protracted Schedules to Mice Bearing Xenografts of 
Human Tumors" Cancer Chemother. Pharmacol. (1995), 36, 393-403; 
Thompson, J. et. al. "Efficacy of Systemic Administration of Irinotecan 
Against Neuroblastoma Xenografts" Clin. Cancer Res. (1997), 3, 423-432. 

[0008] The greater efficacy of extended duration therapy and the reduced 
toxicity of lower dose daily administration make irinotecan an excellent 
candidate for oral delivery as a convenient way of achieving lower dose 
protracted schedules. Rothenberg, M. L. et. al . "Alternative Dosing 
Schedules for Irinotecan", Oncology (1998), 8 suppl 6, 68-71. 

[0009] Oral delivery, with the convenience of self administration and ' 
home dosing, would ease the burden on the patient and care giver imposed 
by a more frequent dosing schedule. However, the oral bioavailability of 
irinotecan is reported to be only about 20% of its i.v. bioavailability. 
Kuhn, J. G. , Ibid; Drengler, R. L., Ibid. Serious problems of absorption 
and pre-systemic metabolism of irinotecan need to be overcome before 
oral delivery becomes available as a treatment option. 

[0010] Irinotecan is a metabolic precursor of 7-ethyl-10- 
hydroxycamptothecin. The metabolite is also known by the designation 
SN-38 SN-38 has been found to be approximately a thousand times more 
potent an inhibitor of topoisomerase I than irinotecan. SN-38 is formed 
by hydrolysis of the ester side chain of irinotecan by carboxylesterases 
in the body. Steward, C. F. et. al., "Disposition of Irinotecan and 
Sn-38 Following Oral and Intravenous Irinotecan Dosing in Mice" Cancer 
Chemother. Pharmacol. (1997), 40, 259-265; Kuhn, J. G. , "Pharmacology of 
irinotecan" Oncology (1998), 12 supp. 6, 39-42. While the mam site of 
metabolism of irinotecan to the more active SN-38 is the liver, there is 
considerable activity of carboxylesterase in the upper GI tract. Kuhn, 
J G. Ibid; Takamura, K. et. al., "Involvement of Beta-glucuronidase in 
Intestinal Microflora in the Intestinal Toxicity of the- Anti Tumor 
Camptothecin Derivative Irinotecan Hydrochloride (CPT-11) in Rats- 
Cancer Res. (1996), 56, 3752-3757. 

[0011] Both irinotecan and SN-38 can exist in a closed ring lactone form 



and ,„ open, hydroxy acid Only the lactone [S^™™^ 

2 'S l 'LS:iSdS^ilSn;~ the"aeto„e for. of tL drug. 
Basic conditions favor the hydroxy acid form. 

rnniJH If irinotecan can be released in the stomach, the low gastric P H 
win keep more of the irinotecan in the active lactone form Therefore, 
lore of t^SN-38 that is produced by carboxylesterases in the gut 
should be in the active lactone form. Steward, C. F. et. al. Ibid, 
n^naTer R L et al . Ibid. This assumption of a higher ratio of 
actKe SN-38 to inactive SN-38 by oral de-livery has been borne out in 
a an^l modeL and in a human phase I Zambon ^ ^et^al^Ibid, 

^he^rino e a^fe^^aliy in" the" sumach should^ove its oral 
systemic bioavailability against tumor cells ^increasing the 
proportion of SN-38 that reaches the tumor in active form. 

f 00131 Other cell cycle specific drugs are likely to benefit from more 
freguin? dosing which extends the duration of drug presentation to the 

2!nd catches more of the cells in the sensitive phase of their 
• "he C benefit m can be realized whether they be o'gj^SS 

\ ; *™ ^r- nfhr-r nhase sensitive mechanism (e.g. paclitaxel wnicn 
Zlto ly stabilizing Mcrotubule polymerization) Etoposid, and 
™elitaLl are two other phase sensitive antineoplastic agents that 
could be used mo", efficaciously with Sequent lower oral dosing a, 

opposed to ^"H^iesulUnfin douoie ' s Sd.^n^.S that a 
IVir/Zil". ^EcoposidfunSergoes highly variable absorption when 

^"0^7^^^ 

?262 (9th ed. 1996). Paclitaxel is not currently administered orally. 

Selling Oral Bioavailability and CMS Accumulation of Drugs" Int. J. 
CLii Pharmacol. Ther. (2000), 38, 69-74; Terwogt, J. M. M. , et. al. 
»Co-admin™tration of Oral Cyclosporin a Enables Oral Therapy with 
PacliSxei" Clin Cancer Res (1999), 5, 3379-3384; Sparreboom, A et. al. 
"Lifted Oral Bioavailability and Active Epithelial Excretion of 
PacUtaxel (Taxol) Caused by P-glycoprotein in the Intestine PNAS 
(1997), 94, 2031-2035. 

[0015] Pgp efflux pump activity is also relevant to other antineoplastic 

sssras: £^ a « B s: sssrsr. r e fc 

"^-glycoprotein, Secretory Transport, and Other Barriers to the Oral 
Delivery of Anti-hiv Drugs" Adv. Drug Deliv. Rev. (1999), 39, 105 116. 

[0016] Research is underway to develop new agents that are not 
susceptible to p-glycoprotein efflux and to develop agents th at inhibit 
the Pan efflux pump. Morseman, J. M. ; McLeod, H. L., Taxane 
Cnemornerapy and New Microtubule-Interactive Agents" Curr^ Opin Oncol . 
Endro Metab. Invest. Drugs (2000), 2, 305-311; Polizzi, D. et. al., 
"Sral' Efficacy and Bioavailability of a Novel Taxane" Clin. Cancer Res. 



(2000), 6, 2070-2074; Nicoletti, M. I. et. al . "IDN5109, a Taxane with 
Oral Bioavailability and Potent Antitumor Activity" Cancer Res. (2000), 
60, 842-846; Sikic, B. I., Ibid; Mistry, P., Ibid; Millward, M. J.; 
Lieu, E. A.; Robinson, A.; Cantwell, B. M. J., "High Dose Tamoxifen with 
Etoposide: a Study of a Potential Multi-drug Resistance Modulator" 
Oncology-Switzerland (1994), 51, 79-83; Raderer, M. ; Scheithauer W . , 
"Clinical Trials of Agents That Reverse Multi-drug Resistance: a 
Literature Review" Cancer (1993), 72, 3553-3563; Britten, C. D., Ibid; 
Tai, H. L., "Technology evaluation: Valspodar, Novartis AG" Curr. Opin. 
Mol'. Ther. (2000), 2, 459-467; Terwogt, J. M. M. , Ibid. 

[0017] However, new agents are not a timely solution to the problem of 
pre-systemic deactivation and Pgp efflux pump removal. Development and 
testing of new agents, whether anti-cancer agents that are unaffected by 
the efflux pump or blockers of the efflux pump, will take many years 
with unpredictable results in terms of efficacy and adverse events. The 
use of known potent efflux pump blocking agents like cyclosporin, 
tamoxifen, verapamil in cancer chemotherapy exposes the body to the 
known potent effects of these drugs as well as their adverse event 
profiles, all as side effects of the efflux pump blocking. 

[0018] If drug delivery could be used with the known effective 
antineoplastic agents to minimize the effects of the Pgp pump, improved 
oral administration could be realized without the disadvantages 
described above and without high concomitant doses of Pgp efflux pump 
blocker drugs. 

[0019] Some cells that are resistant to etoposide demonstrate 
amplification of the MDR-1 gene that encodes the Pgp drug efflux 
transporter. Lowe et. al . Cell, 1993, 74, 957-967. The Pgp efflux pump 
also has been found in tumor cells. Sikic, B. I., "Modulation of 
Multidrug Resistance: a Paradigm for Translational. Clinical Research" 
Oncology (1999) 13 A, 183-189; Mistry, P. et. al . "In Vivo Efficacy of 
Xr9051, a Potent Modulator of P-glycoprotein Mediated Multidrug 
Resistance" Br. J.. Cancer (1999) 79, 1672-1678; Naito, M. ;Tsuro, T., 
"Therapeutic Approach .to Drug Resistant Tumors" Ther Drug Monit (1998), 
20, 577-580. " . 

[0020] However, Pgp expression was consistently found to be low in the 
stomach cells of five mammalian species. Beaulieu,. E; Demeule, M. ; 
Jette, L.; Beliveau, R. , "Comparative Assessment of P-glycoprotein 
Expression in Mammalian Tissues by Immunoblotting" Int. J. Bio Chromatog 
(1999), 4, 253-269. Oral administration and absorption of etoposide, 
paclitaxel, doxorubicin and vincristine preferentially in the stomach 
should improve their systemic bioavailability. 

[0021] Cancer chemotherapy with antineoplastic agents whose oral 
effectiveness is limited by pre-systemic and systemic deactivation or 
removal would greatly benefit if the antineoplastic agent could be 
administered orally and then released in the patient's stomach so that 
it would be absorbed predominantly from the patient's stomach, jejunum 
or duodenum. 

[0022] Pharmaceutical formulation specialists have developed techniques 
for retaining drugs in a patient's stomach over time. One of the general 
techniques is intragastric expansion, wherein expansion of the dosage 
form prevents it from passing through the pylorus. The diameter of the 
pylorus varies between individuals from about 1 to about 4 cm, averaging 
about 2 cm. An expanding gastric retention dosage form must expand to at 
least 2 cm. times. 2 cm in two dimensions to cause gastric retention, 
though a size of 2.5 cm. times. 2 cm is more desirable. 



[0023] One type of intragastric expanding dosage form uses 
hydrogels to expand the dosage form upon contact with gastric 
fluid to sufficient size to prevent its passage through the pylorus. An 
example of such a dosage form is described in U.S. Pat. No. 4,434,153. 
The f 153 patent discloses a device for executing a therapeutic program 
after oral ingestion, the device having a matrix formed of a 
non-hydrated hydrogel and a plurality of tiny pills containing 
a drug dispersed throughout the matrix. 

[0024] One of the major problems with intragastric expanding 
hydrogels is that it can take several hours for the 
hydrogel to become fully hydrated and to expand to sufficient 
size to cause it to be retained in the stomach. Hwang, S. et al. 
"Gastric Retentive Drug-Delivery Systems," Critical Reviews in 
Therapeutic Drug Carrier Systems, 1998, 15, 243-284 Since non-expanding 
dosage forms remain in the stomach on average for about 1 to 3 hours, 
there is a high probability that known expanding dosage forms like that 
of the f 153 patent will pass through the pylorus before attaining a 
sufficient size to obstruct passage. The rate-limiting factor in the 
expansion of ordinary hydrogels is the rate of diffusion of 
water to non-surf acial hydrogel material in the dosage form. 
Conventional hydrogels are not very porous when they are dry, 
so transport of water into the hydrogel can be slow. In 
addition, a low permeability gelatinous layer forms on the surface of 
wetted hydrogel, which further slows transport of water into 
the hydrogel. 

[0025] One approach to solving the problem of slow expansion has been 

the development of superporous hydrogels. Superporous 

hydrogels have networks of pores of 100 .mu.m diameter or more. 

At that diameter, the pores are able to rapidly transport water deep 

into the superporous hydrogel by capillary action. Water 

reaches the non-surf acial hydrogel material quickly resulting 

in a rapid expansion of the superporous hydrogel to its full 

extent. Superporous hydrogels are still under development and 

have not been approved for pharmaceutical use by the U.S. Food and Drug 

Administration. There are also shortcomings attendant to the use of 

superporous hydrogels. They tend to be structurally weak and 

some are unable to withstand the mechanical stresses of the natural 

contractions that propel food out of the stomach and into the intestine. 

The superporous hydrogels tend to break up quickly into 

particles too small to be retained. 

[0026] Chen, J. and Park, K. Journal of Controlled Release 2000, 65, 
73-82, describes a superporous hydrogel whose mechanical 
strength is improved by the polymerization of precursor hydrogel 
monomers in the presence of several superdisintegrants . The result of 
the polymerization described by Chen and Park is a substance having 
interconnecting cross-linking networks of polyacrylate and, e.. g., 
cross-linked carboxymethyl cellulose sodium. Such interconnecting 
networks are not expected to have the same physical properties as 
conventional hydrogels made from the same precursor 
hydrogel monomers . 

[0027] Another general strategy for retaining dosage forms in the 
stomach is intragastric floatation, as exemplified in U.S. Pat. Nos . 
4,140,755 and 4,167,558. Intragastric floatation systems are less dense 
than gastric fluid and avoid passage through the pylorus by floating on 
top of the gastric fluid. These systems generally take one of three 
forms. Hydrodynamically balanced floating systems comprise capsules of 
the active ingredient and a hydrogel that forms a gelatinous 
coating upon contact with water that slows further uptake of water. In 



one example of such a system/ a capsule containing the non-hydrated 
hydrogel and an active ingredient dissolves upon contact with 
gastric fluid. The hydrogel then comes into contact with 
gastric fluid and forms a gelatinous coating on the surface. The 
gelatinous coating traps air inside the hydrogel thereby 
making the mass buoyant. Expansion of the hydrogel also makes 
it less dense and therefore more buoyant. Another form of intragastric 
floatation system is a gas generating system, which evolves gas upon 
contact with water. Gas bubbles trapped in the dosage form make .it 
buoyant. Another variation on the intragastric floatation systems are 
low density core systems, wherein the active ingredient is coated over a 
low density material like puffed rice. 

[0028] The floating dosage forms and expanding dosage forms previously 
described operate by different gastric retention mechanisms, each with 
its own requirements to be effective. A floatation system must remain 
buoyant even while absorbing gastric fluid. An expanding system must 
expand rapidly to a size sufficient to obstruct transit into the 
intestine and yet be small enough in its non-hydrated state to be 
swallowed. 

[0029] The present invention includes dosage forms for gastric delivery 
of antineoplastic agents in embodiments wherein the dosage form expands 
as well as in embodiments wherein the dosage form expands and generates 
gas for floatation. 

SUMMARY OF THE' INVENTION 

[0030] Delivery to and absorption through parts of the gastrointestinal 
(GI) tract that have less activity for detrimental pre-systemic 
metabolism or less activity of the Pgp efflux pump will enhance the oral 
bioavailability of antineoplastic agents that are (1) amenable to 
absorption through the stomach, jejunum or duodenum and (2) which have 
poor oral bioavailability attributable either to the Pgp efflux pump or 
to pre-systemic deactivation. 

[0031] Irinotecan has increased oral bioavailability if delivered to the 
stomach, without increased side effects. Gastric release of irinotecan 
delivers it to the acidic environment of the stomach which is 
advantageous for minimizing ring-opening of the lactone form of the drug 
to the inactive hydroxyacid form. A greater proportion irinotecan is 
thus presented to the carboxylesterase enzymes in the GI tract in active 
form. A greater amount of SN-38 is produced in active form which 
enhances the overall in vivo potency of irinotecan. 

[0032] In its particulars, the present invention provides a solid 
pharmaceutical dosage form comprising, as an active ingredient, an 
antineoplastic agent that is capable of absorption through the lining of 
the stomach, jejunum or duodenum of a human patient and a gastric 
retention vehicle composition comprising a hydrogel, wherein 
the dosage form expands by a factor of three or more, more preferably 
five or more, upon contact with gastric fluid or simulated gastric fluid 
and wherein after ingestion by a human patient the gastric retention 
vehicle composition expands to retain the dosage form in the stomach for 
a prolonged period of time, preferably three hours or more. The solid 
dosage form may- be in the form of a tablet or capsule containing the 
antineoplastic agent and the gastric retention vehicle composition. 

[0033] The invention further provides liquid compositions comprising, as 
an active ingredient, an antineoplastic agent that is capable of 
absorption through the lining of the stomach, jejunum or duodenum of a 
human patient and a gastric retention vehicle composition comprising a 



gelling agent wherein after ingestion by a human patient the gastric 
retention vehicle composition precipitates or gels in the patient's 
stomach to retain the pharmaceutical composition in the patient's 
stomach for a prolonged period of time, preferably three hours or more, 
wherein the antineoplastic agent is released from the precipitated or 
gelled pharmaceutical composition into the patient's stomach over a 
prolonged period of time. 

[0034] The invention also provides methods of inhibiting cell 
proliferation in a tumor with the dosage forms and liquid pharmaceutical 
compositions of the invention. The invention further provides unit 
dosages of antineoplastic agents for treatment of neoplastic diseases 
with the novel dosage forms of the invention. Such neoplastic diseases 
include such widespread life-threatening diseases as breast, testicular 
and lung cancer. Methods of treating these diseases by repeated oral 
administration of the unit dosages are also provided. 

DETAILED DESCRIPTION OF THE INVENTION 

[0035] The present invention provides solid dosage forms and liquid 
compositions for enhanced systemic delivery of antineoplastic agents. 
"Systemic delivery" means delivery of the antineoplastic agent through 
the bloodstream to a tumor in the patient's body. "Enhanced systemic 
delivery" means an increase in the amount of antineoplastic agent that 
reaches the tumor through the bloodstream relative to the amount 
delivered by a conventional orally administered non-gastric retention 
dosage form or liquid composition containing the same amount of the 
antineoplastic agent. Enhancement in systemic delivery generally 
correlates with increased availability of the agent and/or an active 
metabolite thereof in the patient's blood (bioavailability). 

[0036] The term "gastric fluid" means the endogenous fluid medium of the 
stomach, including water and secretions, or simulated gastric fluid. 
"Simulated gastric fluid" means any fluid that is generally recognized 
as providing a useful substitute for authentic gastric fluid in 
experiments designed to assess the chemical or biochemical behavior of 
substances in the stomach. One such simulated gastric fluid is USP 
Gastric Fluid TS, without enzymes. United States Pharmacopeia and 
National Formulary 24/19 p. 2235 (1999). Thus, it will be understood that 
throughout this disclosure and in the claims "gastric fluid" means 
authentic gastric fluid or simulated gastric fluid. 

[0037] The dosage forms and compositions of the present invention are 
adapted to release the antineoplastic agent according to any of a wide 
variety of immediate and controlled release profiles. As used herein 
"immediate release" means that release of the antineoplastic agent is 
not significantly delayed by means of a protective coating or embedding 
in a matrix. The excipients used to achieve immediate release typically 
dissolve or disperse rapidly in gastric fluid. "Sustained release" means 
release of the antineoplastic agent from the dosage form over a longer 
period of time than the immediate release time of the same 
antineoplastic agent from an equivalent dosage in an immediate release 
formulation. "Delayed release" means that there is a period of time 
after the dosage form contacts gastric fluid during which the 
antineoplastic agent either is not released or is released at a rate, 
that is not therapeutically effective for the purpose that the drug has 
been administered to the patient. "Burst release" means release of most 
of the antineoplastic agent over a short period of time, typically less 
than 30 minutes. "Pulsed release" means release of the antineoplastic 
agent over two or more time periods separated by a period of time in 
which either the antineoplastic agent is not release or is released at a 
rate that is not therapeutically effective for the purpose that the drug 



has been administered to the patient. Burst release, pulsed release and 
sustained release may be coupled with delayed release so that release of 
the antineoplastic agent according to that profile begins after a delay 
period in which the antineoplastic agent either is not released or is 
released at a rate that is not therapeutically effective for the purpose 
that the drug has been administered to the patient. The term "controlled 
release" is used inclusively to mean delayed release; sustained release, 
including delayed sustained release; burst release, including delayed 
burst release; pulsed release, including delayed pulsed release; and any 
release other than immediate release. 

[0038] The solid dosage forms and liquid compositions of the present 
invention contain a gastric retention vehicle composition (alternatively 
"gastric retention delivery system" or "GRDS") and an antineoplastic 
agent that is capable of being absorbed through the lining of the 
stomach, jejunum or duodenum of a cancer patient. The solid dosage forms 
of the invention as described in their particulars below are adapted for 
administration to human patients. Adjustments in dosage form size and 
dosage so as to adapt a solid dosage form of the invention for other 
mammals, which are also patients as the term is used in this disclosure, 
is within the skill level of those in the art 

[0039] Solid dosage forms and liquid compositions according to the 
present invention are administered to the patient orally. The 
antineoplastic agent is released from the dosage form in the patient's 
stomach. The antineoplastic agent is then absorbed through the lining of 
the stomach, jejunum or duodenum and passes into the patient's 
bloodstream. Systemic delivery of the antineoplastic agent to the tumor 
is increased by the solid dosage forms and liquid compositions of this 
invention by releasing the antineoplastic agent in the stomach, which 
avoids pre-systemic deactivation or degradation of the agent in the 
patient's lower GI tract (i.e. ileum and colon). 

[0040] As used herein an "antineoplastic agent" is an agent that 
inhibits cell proliferation in a tumor and prodrugs, solvates, molecular 
complexes and pharmaceutically acceptable salts and derivatives' of the 
agent. Antineoplastic agents that may be administered to a patient using 
the solid dosage forms and liquid compositions of this invention include 
any antineoplastic agent that is delivered to a tumor by means of the 
patient's bloodstream and which is adversely affected by the 
p-glycoprotein efflux pump in the small intestine or by the pH of the 
small intestine. Such antineoplastic agents include irinotecan, 
etoposide, paclitaxel, doxorubicin and vincristine, especially 
irinotecan, etoposide and paclitaxel. In a particularly preferred 
embodiment, the antineoplastic agent is irinotecan. One reason that 
irinotecan is especially' preferred is that the ability of the solid 
dosage forms and liquid compositions of the invention to release 
irinotecan in the stomach over an extended period provides a unique 
benefit with irinotecan since a greater proportion of irinotecan is 
converted into the highly active metabolite SN-38 before entering the 
high pH environment of the small intestine. This results in production 
of more active-form SN-38. 

[0041] The gastric retention vehicle compositions of this invention form 
a gelatinous mass upon contact with gastric fluid. The gastric retention 
vehicle compositions may be in either a solid form or a liquid form. 

[0042] Preferred solid gastric retention vehicle compositions for solid 
dosage forms contain a hydrogel and, optionally, a 
superdintegrant and/or tannic. Similar compositions, wherein a 
superdisintegrant and tannic acid are incorporated, are described in 
commonly-assigned, co-pending U.S. patent application Ser. No. 



09/887,204, which is hereby incorporated by reference in its entirety. 



[.0043] A hydrogel is a polymeric material that .can absorb more 
than 20% of its weight in water while maintaining a distinct 
three-dimensional structure. In their hydrated condition they swell to 
an equilibrium volume, are elastically deformable but virtually immune 
to plastic deformation. In their non-hydrated state, hydrogels 
may be structurally rigid. As used herein, "hydrogels" include 
dry polymers that swell in aqueous environments in addition to the 
water-swollen polymers. The preferred hydrogel of the gastric 
retention vehicle composition is hydroxypropyl methylcellulose (HPMC) , 
either alone or in combination with hydroxypropyl cellulose (HPC) and/or 
a cross-linked acrylate polymer. Preferably, the HPMC has a molecular 
weight of from about 4000 to about 100,000 a.u. and a viscosity grade of 
about 8000 mPa .multidot . s or less. HPMC is commercially available under 
the trade name Methocel . RTM. from Dow Chemical Co. 

[0044] Hydroxypropyl cellulose suitable for use in the gastric retention 
vehicle composition preferably has a molecular weight in the range of 
from about 80,000 to about 1.2 million, more preferably from about 1.0 
million to about 1.2 million. HPC is commercially available under the 
trade name Klucel . RTM. from Hercules Inc. 

[0045] Suitable cross-linked acrylate polymers include polyacrylic acid 
crosslinked with allyl sucrose commercially available under the trade 
name Carbopol . RTM. (BF Goodrich Chemical Ltd.) and polyacrylic acid cross 
linked with di vinyl glycol. 

[0046] The most preferred hydrogel of the present invention is 

a mixture of HPMC and HPC in a weight ratio of from about 1:3 to about 

5:3. 

[0047] Other polymeric substances that absorb water may be substituted 
for the preferred hydrogels of the invention. According to the 
teachings of U.S. Pat. No. 5,972,389 polyethylene oxide may be used as a 
swellable polymer, while U.S. Pat. No. 4,434,153 discloses a wide 
variety of other water swellable polymers that also may' provide 
acceptable substitutes for the HPMC and HPMC/HPC mixtures that have been 
found best-adapted for practice of the invention. U.S. Pat. Nos . 
5,972,389 and 4,434,153 are hereby incorporated by reference in their 
entirety. 

[0048] The solid form gastric retention vehicle composition may further 
include tannic acid. Tannic acid, also called tannin, gallotannin and 
gallotannic acid, is a naturally occurring constituent of the bark and 
fruit of many trees. The term "tannins" conventionally refers to two 
groups of compounds, "condensed tannins" and "hydrolyzable tannins." 
■Merck Index monograph No. 8828 (9th ed. 1976) . The hydrolyzable tannins 
are sugars that are esterified with one or more (polyhydroxylarene) 
formic acids. One common polyhydroxylarene formic acid substituent of 
tannic acid is galloyl (i.e. 3, 4 , 5-trihydroxybenzoyl ) . Another common 
polyhydroxylarene formic acid substituent of tannic acid is 
meta-digallic acid. A common sugar moiety of tannic acid is glucose. 
Preferably, USP grade tannic acid is used. 

[0049] The gastric retention vehicle composition optionally also 
includes a superdistintegrant . Superdisintegrants are disintegrants that 
expand upon contact with water. Preferred superdisintegrants of the 
present invention expand to at least double their non-hydrated volume on 
contact with water. Exemplary of these superdisintegrants are 
cross-linked carboxymethyl cellulose sodium (a.k.a. croscarmellose 
sodium) , sodium starch glycolate and cross-linked polyvinyl pyrollidone 



(a.k.a. crospovidone). Croscarmellose sodium is commercially available 
from FMC Corp. under the tradename Ac-Di-Sol . RTM. and from Avebe Corp. 
under the tradename Primellose . RTM. . Sodium starch glycolate is 
commercially available from Penwest Pharmaceuticals Co. under the 
tradename Explotab . RTM. and from Avebe Corp. under the tradename 
Primojel .RTM. . Crospovidone is commercially available from BASF Corp. 
under the tradename Kollidon . RTM. . CL and from International Specialty 
Chemicals Corp. under the tradename Polyplasdone . RTM. . The most 
preferred superdisintegrant is sodium starch glycolate. 

[0050] More preferred gastric retention vehicle compositions for use in 
solid dosage forms of the invention contain HPMC, optionally HPC, tannic 
acid, and a superdisintegrant selected from the group consisting of 
crosspovidone, croscarmellose sodium and sodium starch glycolate and 
mixtures thereof. 

[0051] An especially preferred solid form gastric retention vehicle 
composition (particularly for tableting) comprises, in a weight ratio 
exclusive of any other excipients that may be present, from about 20 wt. 
% to about 70 wt. % hydrogel (e.g. HPMC or HPMC+HPC) , from 
about 25 wt. % to about 75 wt. % superdisintegrant and from about 2 wt . 
% to about 10 wt. % tannic acid. Within these ranges, a yet more 
preferred gastric retention vehicle composition for tableting comprises 
from about 30 wt. % to about 55 wt. % superdisintegrant, about 5 wt. % 
(.+-.2 wt. %) tannic acid, plus an amount of hydrogel 
sufficient to bring the total to 100%. 

[0052] When a mixture of HPMC and HPC is selected as the 
hydrogel and sodium starch glycolate is selected as the 

superdisintegrant, the gastric retention vehicle composition preferably 
comprises from about 10 wt. % to about 20 wt. % HPMC, from about 45 wt . 
% to about 50 wt. % HPC, about 25 wt. % to about 35 wt. % sodium starch 
glycolate and about 4 wt . % to about 10 wt. % tannic acid. 

[0053] An alternative preferred gastric retention vehicle composition 
containing HPMC, HPC further comprises croscarmellose sodium. The 
formulation may comprise from about 10 wt. % to about 30 wt. % HPMC, 
from about 40 wt. % to about 60 wt. % HPC, about 7 wt . % to about 35 wt . 
% croscarmellose sodium and about 4 wt. % to about 10 wt. % tannic acid. 

[0054] Having specifically described novel gastric retention vehicle 
compositions that are best known compositions for use with 
antineoplastic agents, it is to be understood that gastric retention of 
antineoplastic agents also may be achieved using other known gastric 
retention vehicle compositions, such as hydrogel matrix 

compositions as described in U.S. Pat. No. 4,642,233, or multicomponent 
systems like that of U.S. Pat. No. 5,780,057. U.S. Pat. Nos. 4,642,233 
and 5,780,057 are hereby incorporated by reference in their entirety. 

[0055] Solid gastric retention dosage forms of the invention may be 
expanding tablets or capsules. 

[0056] Expanding tablets may be prepared by compacting the gastric 
retention vehicle composition, antineoplastic agent and, optionally, 
other excipients, as a powder blend or granulate in any type of 
tableting equipment known to the pharmaceutical arts. 

[0057] Expanding tablets may contain the antineoplastic agent dispersed 
in the gastric retention vehicle composition. The antineoplastic agent 
may be dispersed as a powder or crystals in the gastric retention 
vehicle composition or may be incorporated into beads, pills (U.S. Pat. 
No. 4,642,233), pellets, microcapsules, microspheres, microgranules , 



nanocapsules or nanospheres and the like that are embedded within the 
gastric retention vehicle composition. 

[0058] Expanding tablets may be prepared conventionally by dry blending, 
dry granulation or wet granulation, followed by compaction of the 
resulting tableting composition in a tableting machine. Granulation 
techniques will now be illustrated with an illustrative gastric 
retention vehicle composition that includes a superdisintegrant and 
tannic acid. 

[0059] In dry granulation, the gastric retention vehicle composition is 
blended dry and then compacted into a slug or a sheet and then 
comminuted into compacted granules'. It will be appreciated that the 
processes of slugging or roller compaction, followed by comminution and 
recompression render the hydrogel, superdisintegrant and 
tannic acid intragranular in the final dosage form. The antineoplastic 
agent may also be provided intragranularly by blending it with the 
gastric retention vehicle composition prior to compaction and 
comminution. Alternatively, the antineoplastic agent, hydrogel 
, superdisintegrant or tannic acid may be added after comminution, which 
results in that (or those) ingredient { s ) being extragranular . The 
resulting tableting composition or granulate may be used to prepare an 
expanding tablet or capsule by any of the methods described below or any 
other means. 

[0060] In. wet granulation, the gastric retention vehicle composition and 
antineoplastic agent may be granulated using a water : alcohol mixture or 
an alcohol as a granulation solvent by standard granulation techniques 
known in the art. The granulate may then be dried and optionally milled 
and sieved. The hydrogel, superdisintegrant, tannic acid or 
antineoplastic agent may be added to one or more of the wet granulated 
ingredients either before or after compaction, in which case an 
ingredient added after granulation would be extragranular in the final 
dosage form. After drying, the tabletting composition, or granulate, 
prepared by wet granulation may be used to prepare an expanding tablet 
or capsule by any of the methods described below or any other means. 

[0061] In dry blending, the hydrogel, superdisintegrant, 

tannic acid, antineoplastic agent and any other desired excipients are 

blended in powder form prior to direct compression tableting. 

[0062] The tableting composition prepared by dry granulation, wet 
granulation or dry blending may be compacted following conventional 
compression and direct compression techniques. In direct compression, 
the tableting composition has been dry blended. Direct compression 
produces a more uniform tablet without granules. Excipients that may be 
added to the tableting composition which are particularly well suited 
for direct compression tableting include microcrystalline cellulose, 
spray dried lactose, dicalcium phosphate dihydrate and colloidal silica. 
The proper use of these and other excipients in direct compression 
tableting is known to those in the art with experience and skill in the 
particular formulation challenges of direct compression tableting. 

[0063] In some dosage forms, controlled release of the antineoplastic 
agent may be provided by applying a coating to the antineoplastic agent. 
Thus, where the foregoing description of making tablets has described 
mixing, blending, granulating, compressing, etc. of the antineoplastic 
agent, it will be appreciated by those skilled in the art that the 
antineoplastic agent may previously be coated with a coating. Coatings 
are discusses in more detail below 



[0064] The preceding description is intended to highlight variations of 



formulation techniques already well known in the art. However, the 
expanding tablets of the invention can be made by any manufacturing 
process. Specific novel and therapeutically useful gastric retention 
dosage forms are disclosed below. 

[0065] Expanding tablets may be a matrix type in which the 
antineoplastic agent is contained in or coats the surface of particles 
uniformly dispersed throughout the gastric retention vehicle 
composition. In a matrix construction, the particles of antineoplastic 
agent may be a milled powder or granulate. The particles also may be 
pre-formulated beads, pills, pellets, microcapsules, microspheres, 
microgranules, nanocapsules or nanospheres and the like containing or 
having on their surface the antineoplastic agent, in which case these 
pre-formulated particles are dispersed in the matrix. 

[0066] A pre-formulated particle may contain the powdered antineoplastic 
agent in a natural, semi-synthetic or synthetic polymer matrix. 
Representative matrices for dispersed particles are polysaccharides, 
agar, agarose, sodium alginate, carrageenan, gum arabic, tragacanth gum, 
locust bean gum, pectin, amylopectin, gelatin, starch, microcrystalline 
cellulose and hydrogels. Further particle matrices can include 
crosslinked gelatin, crosslinked albumin, crosslinked sodium alginate, 
crosslinked carboxymethylcellulose, crosslinked polyvinyl alcohol and 
crosslinked chitin as described in U.S. Pat. No. 5,007,790. 

[0067] A pre-formulated particle may contain the antineoplastic agent in 
mixture with excipients that do not retard its release. Even if the 
particle core contains excipients that in certain applications would 
retard release of an active ingredient, such as high molecular weight 
polyvinyl pyrollidone, rapid release from a particle may occur 
nevertheless due to the small volume and relatively large surface area 
of particles . 

[0068] A pre-formulated particle, e.g., bead, tiny pill, microsphere, 
nanosphere or microgranule, may' be coated with a substance or substances 
that are impermeable or semipermeable to the antineoplastic agent and/or 
slowly dissolve in gastric fluid. Such a coating may be used to slow the 
release of the antineoplastic agent or to delay the release of the 
antineoplastic agent. A delay release coating is impermeable to the 
antineoplastic agent until the coating is breached by the gastric fluid. 
Dosage forms of the matrix type may be formulated for delayed release 
using coated particles, in which case the gastric retention vehicle 
composition will retain the dosage forms in the stomach until the delay 
time has passed, whereupon the drug is released. 

[0069] Delayed release and sustained release particles may be coated 
with. known film coating agents such as water soluble resins, such as 
arabinogalactan, carboxymethylcellulose, gelatin, gum arabic, 
hydroxyethylcellulose, methylcellulose, polyvinyl alcohol, polyacrylic 
acid, and starch; water insoluble resins, such as cellulose nitrate, 
ethyl cellulose, e.g., Ethocel.TM.; cellulose nitrate, polyamide, 
polyethylene, poly (ethylene-vinyl acetate) , poly ( lactide-co-glycolide) , 
polymethacrylate, e.g., Eudragit.TM. NE, Eudragit*. TM. RS, Eudragit.TM. 
RL, Eudragit.TM. L and Eudragit.TM. S and silicones; waxes and lipids 
such as paraffin, carnauba wax, spermaceti, beeswax, stearic acid 
stearyl alcohol and glyceryl stearates; and enteric resins such as 
cellulose acetate phthalate, polyvinyl acetate and hydroxypropyl 
methylcellulose acetate. The glyceryl esters may be mixed with a wax as 
previously described in U.S. Pat. No. 4,764,380, which is incorporated 
by reference in its entirety. Such a coating may be made from 
triglyceryl esters like glyceryl distearate, glyceryl tristearate, 
glyceryl monostearate, glyceryl dipalmitate, glyceryl tripalmitate, 



glyceryl monolaurate, glyceryl didocosanoate, glyceryl tridocosanoate, 
glyceryl monodocosanoate, glyceryl monocaprate, glyceryl dicaprate, 
glyceryl tricaprate, glyceryl monomyristate, glyceryl dimyristate, 
glyceryl trimyristate, glyceryl monodecenoate, glyceryl didecenoate and 
glyceryl tridecenoate . Waxes that may be used include beeswax, cetyl 
palmitate, spermacetic wax, carnauba wax, cetyl myristate, cetyl 
palmitate, ceryl cerotate, stearyl palmitate, stearyl myristate and 
lauryl laurate. Particles coatings may also be from other polymeric 
coating substances which include methylcellulose phthalate, poly(alkyl 
methacrylates) , poly(alkyl cyanoacrylates ) , polyglutaraldehyde, 
poly (lactide-glycolide) and albumin. Additional coating materials that 
may be used are disclosed in U.S. Pat. Nos . 4,434,153; 4,721,613; 
4,853,229; 2,996,431; 3,139,383 and 4,752,470, which are hereby 
incorporated by reference in their entirety. 

[0070] Pre-f ormulated particles coated with delayed release coatings may 
be advantageously used to produce an expanding tablet or capsule for 
pulsed release of the antineoplastic agent. Gastric fluid rapidly 
penetrates the expanding dosage form because of the hydrophilicity and 
porosity of the preferred gastric retention vehicle compositions. 
Consequently, the coated particles contact gastric fluid approximately 
simultaneously regardless of their proximity to the outer surface of the 
dosage form. One can deliver two, three (or more) timed doses in a pulse 
fashion while the patient needs to take the dose only once. For this 
purpose, particles may be provided with coatings of different 
thicknesses. Alternatively, the particles may be coated with different 
substances having different dissolution rates in gastric fluid. The 
coatings of a certain proportion of particles, either those with a thin 
coating or a relatively soluble coating, are breached nearly 
simultaneously. This causes release of the antineoplastic agents from 
those particles over a short time period, i.e., in a pulse. A second 
pulse occurs when the coating of particles having either a thicker 
coating or a coating of a slower dissolving substance is breached. A 
third pulse occurs when particles having a coating that is either yet 
thicker or formed of a yet less soluble substance is breached. The 
timing and intensity of the pulses can be determined by the formulator 
using knowledge available about the dissolution rates of coating 
substances and by routinely selecting the proportion of each type of 
coated particle to match the intensity of the pulse desired. The three 
doses would mimic taking multiple doses of the antineoplastic agent at 
the prescribed times, with the antineoplastic agent being absorbed from 
the stomach or upper intestine with each dose. Such dosing allows for 
improved compliance to dosage schedules and in many cases will lead to 
improved therapy. Pulsed release dosage forms that do not include 
gastric retention will deliver each pulse in a different part of the GI 
tract with different absorption profiles for each of the doses. Such 
therapy would not be equivalent to taking three doses of the 
antineoplastic agent at- the prescribed times, wherein the antineoplastic 
agent would have been absorbed from the stomach or upper intestine in 
each case. 

[0071] In a hydrated state, the gastric retention vehicle compositions 
of this invention do not necessarily limit diffusion of a solubilized 
antineoplastic agent into the gastric environment. Therefore, the pulsed 
release of antineoplastic agent inside of the expanded tablet may 
translate into pulsed release into the gastric fluid. 

[0072] Expanding tablets also may contain the antineoplastic agent in a 
reservoir (or depot) adjacent to, at least partially surrounding or at 
least partially surrounded by the gastric retention vehicle composition. 
Reservoir forms may contain the antineoplastic agent in a reservoir that 
is embedded in a shell of any desired thickness that does not cause the 



dosage form to be too large to be swallowed by the patient. Embedded 
tablets and tablets with cores are examples of reservoir type of dosage 
forms. A reservoir type further includes capsule forms, multilayer forms 
and other forms wherein the antineoplastic agent is separated from the 
expanding composition. The reservoir may be fully embedded in a shell of 
the expanding composition or it may be partially embedded so that a 
portion of the surface of the reservoir is exposed. A reservoir may be a 
tablet enclosed within a capsule along with a tablet containing the 
expanding composition. These types of products may be manufactured using 
methods known in the art, while hovel and particular preferred 
embodiments of reservoir dosage forms are described below. 

[0073] The reservoir may be formulated to be either immediate release or 
controlled release. The release profile of the dosage form may be made 
to approximate the release profile of the reservoir (even when the 
reservoir is completely embedded in a shell) because the hydrated -and 
expanded composition does not necessarily inhibit diffusion of 
solubilized substances into the gastric environment. For example, an 
immediate release reservoir may be prepared by blending the 
antineoplastic agent with microcrystalline cellulose, lactose and 
magnesium stearate and compressing the blend into a compacted reservoir. 
For another example, a sustained release reservoir may be prepared by 
direct compression of the antineoplastic agent with about 5-75% 
hydroxypropyl methylcellulose, such as Methocel . RTM. K15M, K100LV, K4M, 
K100M, E4M and E10M, lactose and magnesium stearate. 

[0074] A reservoir may be coated with a conventional sustained release 
coating. Such coating materials include polymethacrylate, e.g., 
Eudragit.TM. NE, Eudragit.TM. RS, Eudragit.TM. RL, Eudragit.TM. L, 
Eudragit.TM. S, and mixtures of hydrophilic and hydrophobic film forming 
agents. Hydrophilic film formers include methyl cellulose, hydroxypropyl 
methylcellulose, cellulose phthalate, cellulose acetate phthalate and 
polyvinyl alcohol. 

[0075] • Hydrophobic film forming agents include ethyl cellulose, 
cellulose acetate, hydroxypropyl methylcellulose phthalate, polyvinyl 
alcohol maleic anhydride copolymers, . beta . -pinene polymers rosin, 
partially hydrogenated rosin and glycerol esters of rosin. A sustained 
re l ease coating may be applied by methods known in the art such as by 
fluid bed or pan coating techniques. 

[0076] In addition to being of an immediate release or sustained release 
nature, the reservoir can further be of a delayed pulse release nature 
or a delayed-sustained release nature. For instance, the antineoplastic 
agent may also be contained in tablets that are either partially 
embedded in the gastric retention vehicle composition or attached 
thereto by an adhesive. These tablets can be of a slow release nature 
giving slow or controlled release for an extended period of time in the 
stomach. These tablets can further be of a delayed pulse release nature. 
The expanding composition of this invention will retain these forms in 
the stomach until the delay time has passed whereupon the drug will be 
released in a burst or pulse fashion. Attaching or partially embedding 
several such tablets, each timed with a different delay to release, to 
the composition of this invention allows versatile dosing schemes from 
one taken dose. For example one could deliver three (or more) timed 
doses in a pulse fashion while the patient needs to take the dose only 
once. The three doses would mimic taking three doses of the drug at the 
prescribed times, with the drug being absorbed from the stomach with 
each dose. Such dosing allows for improved compliance to dosage 
schedules and in many cases will lead thereby to improved therapy. 
Delayed dosage forms that are not coupled to gastric retention will 
deliver each such dose in a different part of the GI tract with 



different absorption profiles for each of the doses. Such therapy would 
not be equivalent to taking three doses of the drug at the prescribed 
times, wherein the drug would have been absorbed from the stomach in 
each case. 

[0077] The reservoir may also be attached to the expanding composition 
with an adhesive. The gastric retention vehicle composition is compacted 
into a tablet ("GRDS tablet ,"). The reservoir can be attached by 
adhesive during manufacture by depositing a drop of adhesive on a GRDS 
tablet as it leaves the punch station in the tableting machine and 
having a device push the reservoir, e.g., another tablet, containing the 
drug against the deposited adhesive. 

[0078] Expanding tablets may also have a layered construction wherein 
the antineoplastic agent, alone or in mixture with any other excipients, 
form a layer that is bonded, e.g., by compression, to another layer 
containing the expanding composition. Preferred dimensions for a layered 
dosage form are about 14. times. 8 mm. +-.2 mm. A layered construction may 
be prepared by conventional multilayer compression techniques. A layered 
dosage form comprising two or more layers, one comprising the expanding 
composition and another comprising the antineoplastic agent and any 
other desired excipients, may be made to delay release of the 
antineoplastic agent by coating only the antineoplastic agent-containing 
layer with a conventional coating resistant to gastric fluids. A further 
method of achieving a delay in the release is to formulate the 
drug-containing layer as a matrix that delays diffusion and erosion or 
by incorporating the antineoplastic agent in microcapsules or coated 
beads within the drug-containing layer. 

[0079] Another solid dosage form is a capsule. The capsule shell may be 
any conventional shell (e.g. gelatin) that degrades in gastric fluid to 
release a capsule filling. The capsule filling comprises a powder blend 
or granulate (as previously described) or tablet containing the gastric 
retention vehicle composition, antineoplastic agent and, optionally, 
other excipients. Capsules exhibit a similar rate and extent of 
expansion as tablets and are retained in the stomach for a comparable 
time period. There is, however, a delay in the commencement of expansion 
for the time required for degradation of the capsule shell to allow 
gastric fluid to contact the gastric retention vehicle composition. 

[0080] In an especially preferred capsule embodiment, the capsule 
encloses a tablet (or .other reservoir) containing the antineoplastic 
agent and a GRDS tablet. The two tablets can be adhered to each other in 
situ the stomach by coating a side of one of the tablets that faces the 
other tablet with an aqueous based adhesive. The tablets are loaded into 
an appropriately sized gelatin capsule where the tablets are in physical 
contact. When water enters the capsule, the adhesive is wetted and 
adheres the tablets together due to their proximity in the capsule prior 
to the rapid swelling of the GRDS tablet. The tablets remain adhered to 
each other after the swelling. Preferred water based adhesives for this 
use are protein adhesives such as gelatin, egg albumin, and casein, 
their salts and derivatives and polysaccharide adhesives such as starch, 
modified starches, and other polysaccharide derivatives known in the art 
as glues. The most preferred adhesive for in situ adhesion of the drug 
reservoir to a GRDS tablet is sodium caseinate, which is available 
commercially as Emulac.TM. 50. 

[0081] Solid dosage forms of this invention may be made in any shape 
desired. Ovoid or elliptical shaped tablets are well retained in human 
patients after expanding to their full extent. An ovoid or elliptical 
dosage form preferably is sized at between about 4 mm and 10 mm in two 
dimensions and between about 10 mm and 20 mm in the third dimension, 



more preferably 6 . times . 6 . times . 16 mm. +-.2 mm. 

[0082] Solid dosage forms of this invention can be retained in the 
stomach for three hours or more, more preferably about five hours or 
more. The dosage forms of the present invention are capable of expanding 
in volume by a factor of about three or more, about five or more if an 
gastric retention vehicle composition according to the preferred 
embodiments is used and, about eight or more if an gastric retention 
vehicle composition according to the most preferred embodiments is used. 
Expansion occurs within about fifteen minutes of contacting gastric 
fluid, within about five minutes when formulated according to the 
preferred embodiments. Over time, the swollen dosage form degrades into 
particles that are sufficiently small to traverse the pylorus. 

[0083] Further . improvement in gastric residence time may be realized by 
adding an effervescent compound to the gastric retention vehicle 
composition that produces gas when contacted with gastric fluid, such as 
sodium bicarbonate. In a dry granulation process, the effervescent 
compound may be introduced into the dosage form by blending it into the 
gastric retention vehicle composition before or after first compaction. 
In a wet granulation process, it may be provided as an extragranular 
constituent after wet granulation. Further, the effervescent compound 
may be a constituent of a reservoir in reservoir-type dosage form. The 
ef fervescent ' compound is preferably used at low concentration, i.e. from 
about 0.5 wt % to about 5 wt. % of the dosage form. In addition to 
sodium bicarbonate, effervescent compounds include, for example, other 
alkali and alkaline-earth metal carbonates and bicarbonates . 

[0084] Mucoadhesive substances also may be added to enhance gastric 
retention of dosage forms prepared according to the present invention. 

[0085] In another aspect, the present invention provides liquid 
compositions for gastric delivery of antineoplastic agents. In the • 
liquid form embodiments of the invention, the antineoplastic agent is 
dissolved or dispersed in a gastric retention vehicle composition 
comprising a gelling agent. The liquid pharmaceutical composition may be 
a solution, suspension, or syrup. 

[0086] The gastric retention properties of the liquid pharmaceutical 
composition are afforded by gelling, precipitation or coacervation of 
the gelling agent in the stomach. The gel, precipitate or coacervate 
that forms in the patient ! s stomach traps the drug in the stomach for an 
extended gastric delivery. The gelling agent may be activated by a 
change in pH or change in temperature. The gelling agent may contain a 
synthetic polymer, a polysaccharide, a protein or a coacervate of a 
protein and a polysaccharide as a gelling agent. Examples of such 
delivery systems are known in the art but have not been suggested as 
being useful for the oral systemic delivery of antineoplastic agents. 
Cox, G., "Pectin Liquid Compositions," WO 96/29055; Bogentoft, C, 
"Gel-forming, Liquid Carrier Compositions, and Their Use in 
Pharmaceutical Dosage Forms," WO 92/09307; Zatz, J. L. ; Woodford, D. W., 
"Oral Controlled Release Liquid Pharmaceutical Which Forms Gelatinous 
Matrix in the Stomach," U.S. Pat. No. 4,717,713. U.S. Pat. No. 4,717,713 
and International Publications WO 96/29055 and WO 92/09307 are hereby 
incorporated by reference in their entirety. 

[0087] A gelling agent of the liquid pharmaceutical composition may be 
based upon coacervation brought about by exposure to low pH. One such 
system is a mixture of ethyl hydroxyethylcellulose (EHEC) and a 
surfactant . 



[0088] Suitable surfactants are cationic surfactants and anionic 



surfactants that do not protonate at gastric pH. Suitable surfactants 
include hexadecyltrimethyl ammonium chloride, tetradecylbetainate 
chloride and hexadecylpyridinium chloride, sodium dodecyl sulfate, 
sodium dodecyl monoethyleneoxide sulfate, sodium dodecyl sulfonate, 
sodium dosdecyl phosphate, sodium doecyl phosphonate, sodium 
p-dodecylbenzene sulfonate to name just a few. Other surfactants may be 
used so long as they engage in a strong hydrophobic interaction with 
ethylhydroxyethylcellulose in aqueous solution at gastric pH. 

[0089] The total concentration of a EHEC/ surfactant system is preferably 
in the range of 0..5-3 wt. %, more preferably from about 0.5 to 1.5 wt . 
%. EHEC is used in approximately 5 to 25 fold excess over the 
surfactant, by weight. 

[0090] Another pH activated gelling agent is a mixture of a low 
methoxylated pectin and a divalent metal salt, like calcium carbonate, 
that is coated with a substance that dissolves upon contact with acid. 
Release of the metal salt in the patient 1 s stomach causes the cation to 
engage in crosslinking interactions with the pectin molecules so as to 
form a gelatinous network and, in the case of carbonate salt, produces 
gas bubbles which are entrapped in the gelatinous network. Preferred 
methoxylated pectins have 20-50% degree of methoxylation, preferably 
from about 30-40% degree of methoxylation and a degree of amidation of 
from about 3% to about 23%. This system may be used to deliver 
antineoplastic agents according to the present invention either with the 
effervescent aspect or without the effervescent aspect by using a non 
effervescent calcium salt anion such as stearyl. 

[0091] The gelling agent may be activated by increased temperature. 
Methylcellulose forms aqueous dispersions that are flowable below body 
temperature but which become viscous with increased temperature. At body 
temperature, a dispersion of 5 wt. % or above of methylcellulose in 
water forms a gel of sufficient mechanical resilience to be retained in 
the stomach. 

[0092] Yet other operative gelling systems include a mixture of from 
about 0.5 to about 4 weight percent sodium alginate, 0.5 to about 3 
weight percent or less of xanthan gum, carrageenan or gelatin. 

[0093] In addition to the substances previously discussed which enable 
gastric retention, the solid and liquid form gastric retention vehicle 
compositions may contain other excipients which may be added for a 
variety of purposes. It will be understood by those in the art that some 
substances serve more than one purpose in a pharmaceutical composition. 
For instance, some substances are binders that help hold a tablet 
together after compression, yet are disintegrants that help break the 
tablet apart once it reaches a patient 1 s stomach. It will be further 
understood that the hydrogel, superdisintegrant and tannic 
acid of the most preferred solid form gastric retention vehicle 
composition may perform additional functions in the dosage form, which 
functions may already be known to those skilled in the art. 

[0094] Additional excipients that may be added include diluents. 
Diluents increase the bulk of a pharmaceutical dosage form making it 
easier for the patient and caregiver to handle. Diluents for solid 
dosage forms include, for example, microcrystalline cellulose (e.g. 
Avicel . RTM. ) , microfine cellulose, lactose, starch, pregelitinized 
starch, calcium carbonate, calcium sulfate, sugar, dextrates, dextrin, 
. dextrose, dibasic calcium phosphate dihydrate, tribasic calcium 
phosphate, kaolin, magnesium carbonate, magnesium oxide, maltodextrin, 
mannitol, polymethacrylates (e.g. Eudragit . RTM. ) , potassium chloride, 
powdered cellulose, sodium chloride, sorbitol and talc. 



[0095] Solid pharmaceutical compositions that are compacted into a 
tablet may include excipients whose functions include helping to bind 
the active ingredient and other excipients together after compression. 
Binders for solid pharmaceutical compositions include acacia, alginic 
acid, carbomer (e.g. carbopol), carboxymethylcellulose sodium, dextrin, 
ethyl cellulose, gelatin, guar gum, hydrogenated vegetable oil, 
hydroxyethyl cellulose, hydroxypropyl cellulose (e.g. Klucel . RTM. ) , 
hydroxypropyl methyl cellulose (e.g. Methocel . RTM. ) , liquid glucose, 
magnesium aluminum silicate, maltodextrin, methylcellulose, 
polymethacrylates, povidone (e.g. Kollidon . RTM. , Plasdone . RTM. ) , 
pregelatinized starch, sodium alginate and starch. 

[0096] The dissolution rate of a compacted solid pharmaceutical 
composition in the patient's stomach may be increased by the addition of 
a disintegrant to the composition. Disintegrants include alginic acid, 
carboxymethylcellulose calcium, carboxymethylcellulose sodium (e.g. 
Ac-Di-Sol.RTM. , Primellose . RTM. ) , colloidal silicon dioxide, 
croscarmellose sodium, crospovidone (e.g. Kollidon . RTM. , 
Polyplasdone.RTM. ) , guar gum, magnesium aluminum silicate, methyl 
cellulose, microcrystalline cellulose, polacrilin potassium, powdered 
cellulose, pregelatinized starch, sodium alginate, sodium starch 
glycolate (e.g. Explotab . RTM. ) and starch. 

[0097] Glidants can be added to improve the flow properties of a powder 
composition or granulate and improve the accuracy of dosing. Excipients 
that may function as glidants include colloidal silicon dixoide, 
magnesium trisilicate, powdered cellulose, starch, talc and tribasic 
calcium phosphate. 

[0098] A tablet is made by compressing a powder composition granulate 
between a punch and dye. Some excipients and active ingredients have a 
tendancy to adhere to the surfaces of the punch and dye, which can cause 
the tablet to have pitting and other surface irregularities. A lubricant 
may be added to the composition to reduce adhesion and ease release of 
the product form the dye. Lubricants include magnesium stearate, calcium 
stearate, glyceryl monostearate, glyceryl palmitostearate, hydrogenated 
castor oil, hydrogenated vegetable oil, mineral oil, polyethylene 
glycol, sodium benzoate, sodium lauryl sulfate, sodium stearyl fumarate, 
stearic acid, talc and zinc stearate. 

[0099] Liquid pharmaceutical compositions will contain a solvent such as 
corn syrup, water, glycol, glycerin, propylene glycol, vegetable oils 
and alcohols. 

[0100] Liquid pharmaceutical compositions may contain emulsifying agents 
to disperse a poorly soluble antineoplastic agent or an excipient 
uniformly throughout the composition. Emulsifying agents that may be 
useful in liquid pharmaceutical compositions of the present invention 
include, for example, lecithin, sorbitan monoleate, gelatin, egg yolk, 
casein, cholesterol, acacia, tragacanth, chondrus, pectin, methyl 
cellulose, carbomer, cetostearyl alcohol and cetyl alcohol. 

[0101] Liquid pharmaceutical compositions may also contain a viscosity 
enhancing agent to improve the mouth-feel of the product and/or coat the 
lining of the gastrointestinal tract. Such agents include acacia, 
alginic acid bentonite, carbomer, carboxymethylcellulose calcium or 
sodium, cetostearyl alcohol, methyl cellulose, ethylcellulose, gelatin 
guar gum, hydroxyethyl cellulose, hydroxypropyl cellulose, hydroxypropyl 
methyl cellulose, maltodextrin, polyvinyl alcohol, povidone, propylene 
carbonate, propylene glycol alginate, sodium alginate, sodium starch 
glycolate, starch tragacanth and xanthan gum. 



r01021 Preservatives and chelating agents such as alcohol, sodium 
benzoate, butylated hydroxy toluene, butylated hydroxyanisole and 
ethylenediamine tetraacetic acid may be added at levels safe for 
ingestion to improve storage stability. 

[01031 A liquid composition according to the present invention may also 
contain a buffer such as guconic acid, lactic acid, citric acid or 
acetic acid, sodium guconate, sodium lactate, sodium, citrate or sodium 
acetate . 

[0104] Flavoring agents and flavor enhancers make the solid dosage forms 
and liquid pharmaceutical compositions more palatable to the patient. 
Jomrnon flavoring agents and flavor enhancers for pharmaceutical products 
th™ may be included in the composition of the present invention include 
maltol, vanillin, ethyl vanillin, menthol, citric acid fumaric acid, 
ethvl maltol, and tartaric acid. Sweetening agents such as sorbitol, 
saccharin, sodium saccharin, sucrose, aspartame, fructose, manmtol and 
invert sugar may be added to improve the taste. 

[0105] Solid and liquid compositions may also be dyed using any 
pharmaceutical^ acceptable colorant to improve their appearance and/or 
facilitate patient identification of the product and unit dosage level. 

[0106] Selection of additional excipients and the amounts to use may be 
readily determined by the formulation scientist based upon experience 
■ and consideration of standard procedures and reference works in the 
field. 

[0107] A unit dose of irinotecan in one. of the dosage forms of the 
present invention, e.g. one tablet or capsule of a solid form or an 
ingestible volume, like a tablespoon of syrup, of a liquid form 
Preferably is dosed with from about 20 to about 250 mg of irinotecan, 
more preferably from about 20 to about 40 mg of irinotecan. 

[0108] A unit dose of etoposide in one of the forms of the present 
invention preferably contains from about 25 to about 250 mg of 
etoposide, more preferably from about 25 to about 75 mg of etoposide, 
and yet more preferably from about 25 to about 50 mg. 

[0109] A unit dose of paclitaxel in one of the forms of the present 
invention preferably contains from about 25 to about 250 mg of 
paclitaxel and more preferably from about 25 to about 100 mg of 
paclitaxel. 

[0110] Having thus described the present invention with reference to 
certain preferred embodiments, the following non-limiting examples are 
provided to further illustrate the invention. 



DETD EXAMPLES 

[0111] Materials 



[0112] The HPMC used was Methocel . RTM. K-15PM, available from Dow 
Chemical Co. The hydroxypropyl cellulose used was Klucel . RTM. HF NF, 
available from Hercules, except where otherwise indicated. The 
croscarmellose sodium used was Ac-Di-Sol . RTM. available from Avebe Corp. 
The crosslinked polyacrylic acid was Carbopol . RTM. 974P available from 
B.F. Goodrich Chemical Ltd. Tannic Acid was purchased from Merck. All 
materials were pharmaceutical grade. 



Example 1 



Degree of Swelling of Illustrative Solid Gastric Retention Delivery 
Systems 

[0113] The compositions of each of the tablets prepared in Example 1 are 
summarized in Table 1. All the compositions contain HPMC, tannic acid, a 
superdisintegrant and 1% magnesium stearate. All of the excipients, 
except for magnesium stearate, were mixed simultaneously and thoroughly 
blended by hand. Magnesium stearate was then added at a level of 1% w/w 
and the blend was further mixed by hand until the magnesium stearate was 
uniformly distributed throughout the composition. The amount of each 
composition needed to produce a 5 mm thick tablet was determined and 
then that amount was compressed into 5 mm thick tablets on a Manesty f3 
single punch tableting machine with a 10 mm diameter punch and die. 
Tablets ranged in weight from 350-400 mg and each had a hardness within 
the range of 5-7 KP as tested in an Erweka hardness tester. 

TABLE 1 



Swelling Tests 
Formulation No 
1 2 


. (wt. 
3 


%) 
4 


5 


6 


7 


23.8 


32.7 


30.3 


23.8 


26.7 


38.5 


34.8 


0.0 


0.0 


0.0 


0.0 


16.0 


19.2 


0.0 


0.0 


0.0 


0.0 


0.0 


0.0 


0.0 


8.7 


23.8 


32.7 


30.3 


23.8 


42.7 






71.4 


65.4 


60.6 


0.0 


53.3 


38.5 


52.2 


0.0 


0.0 


0.0 


71.4 


0.0 


0.0 


0.0 


4.8 


2.0 


9.1 


4.8 


4.0 


3.8 


4.3 


100 


100 


100 


100 


100 


100 


100 



Excipient 
8 

Hydroxypropyl methylcellulose 
15.9 

Hydroxypropyl cellulose 
47.6 

Cross-linked polyacrylic acid 
0.0 

Total hydrogel 

57.7 43.5 63.5 
Sodium starch glycolate 

31.7 

Croscarmellose sodium 
0.0 

Tannic acid 
4.8 

Total 

100 

[0114] The tablets were added to 40 ml of - simulated gastric fluid (0.1 M 
HC1) contained in a 50 ml beaker and maintained at 37 . +- . 2 . degree . C. 
The tablets were removed after fifteen minutes with a tweezers and 
measured with a caliper. Gel strength was assessed qualitatively with 
the tweezers. 

[0115] The results of the degree of swelling tests are summarized in 
Table 2. Expansion of the hydrogel was increased using either 
croscarmellose sodium or sodium starch glycolate. The formulation can 
optionally and advantageously contain a mixture of two hydrogel 
polymers as demonstrated by the incorporation hydroxypropyl cellulose 
and Carbopol.RTM. in the formulations of Examples 5, 6 and 8. The tablet 
that expanded the most (36 fold) contained about 5 wt . % tannic acid and 
croscarmellose sodium as the superdisintegrant. The tablet with the 
second highest expansion (18 fold) also contained about 5 wt . % tannic 
acid but used sodium starch glycolate as the superdisintegrant. Both of 
those gels (Examples 1 and 4) were qualitatively weak compared to those 
of examples 5-8. The best performing tablets in terms of a high degree 
of expansion and good mechanical strength are those of Examples 5 and 8, 
which contained 5 wt. % tannic acid and used both hydroxypropyl 



methylcellulose and hydroxypropyl cellulose hydrogel polymers. 

TABLE 2 

Formulation No. Degree of Swelling . sup . a Strength 

moderate 
moderate 
moderate 
moderate 
strong 
strong 
strong 
strong 

.sup.aratio of hydrated tablet volume to dry tablet volume 
Example 2 

Rate of Swelling of Illustrative Solid Gastric Retention Vehicle 
Compositions 

[0116] The formulations in Table 3, below, were prepared by first dry 
mixing the powdered ingredients, except the magnesium stearate, for. 5 
minutes. Magnesium stearate was then added and blended in over .2 
minutes. The formulation was pressed into oval tablets of dimensions 
17. times. 9. times. 8. 5 mm using a Manesty f3 single punch tablet press 
where the 8.5 is the tablet thickness or height in the dimension of 
compression. 

TABLE 3 

GRDS Formulations for Rate of Swelling Tests 

Formulation No. (wt. %) 
Ingredient 10 11 12 

HPMC K15 
HPC 

* Croscarmellose sodium 
Tannic acid 
Magnesium stearate 

[0117] The tablets were immersed in 450 ml of USP Gastric TS buffer 
(pH=1.2) without enzymes at 37. degree. C. in a USP type II dissolution 
bath with trie paddles set at the top of the buffer so as not to hit the 
expanding tablets. The solution was stirred at 50 RPM. The tablets were 
removed from the buffer at 15 minutes, 1 and 3 hours, gently blotted dry 
with paper, and measured using a calibrated caliper. The two major 
dimensions, length and height, were measured. The third dimension 
expanded from 9 mm to about 14 mm in all of the cases. Results of .the 
measurements are shown in Table 4. 

TABLE 4 

Rate and Degreee of Swelling of" GRDS tablets in USP Gastric TS buffer 
Formulation 

No.: 10 11 12 

Time (hours) Size (mm .times, mm) Size (mm .times, mm) Size (mm .times, mm) 



1 18.1 

2 12.7 

3 7.2 

4 . 36.0 

5 10.4 

6 2.0 

7 4.5 

8 9.7 



16 15.7 13.4 

48 47.2 45 

31.9 31.4 29.1 

3.1 4.7 12 

1 10.5 



0 

0.25 



17 .times. 8.5 17 .times. 8.5 17 .times. 8.5 

21 .times. 15 25 .times. 21 25 .times. 18 



1 

3 



21 .times. 15 32 .times. 24 27 .times. 19 

21 .times. 15 32 .times. 24 27 .times. 20 



[0118] Most of the expansion occurred in the first 15 minutes. One can 
see that the degree of expansion was greatest in the dimension of 
compression. This dimension expanded between 1.8 and 2.8 times its size. 
In length, the tablet grew from 1.2 to 1.9 times its size. 

Example 3 

Effect of GRDS Composition on Gel Strength 
[0119] Method 

[0120] Gel strength was measured by the weight needed to deflect the 
expanded gel by 4 mm. The gels were removed from the Gastric TS buffer, 
blotted dry with paper, and placed on a flat surface on a top loading 
balance. A plastic cylinder was placed on the gel and water was added 
slowly to the cylinder until the gel was compressed downward by 4 mm. 
The weight required for 4 mm deflection was recorded. 

[0121] Effect of Tannic Acid Content on Gel Strength 

[0122] Formulations were prepared as in Example 2 with varying amounts 
of tannic acid. Tablets were pressed and immersed in simulated gastric 
fluid as described in Example 2. All the tablets swelled to at least 
25. times. 22 mm in 15 minutes. Results of the measurement of gel strength 
are found in Table 5. 

TABLE 5 



Strength of Expanded Gels as a Function of Tannic Acid Content 



Formulation % Tannic Acid Strength (g) 

13 4.2 27 

14 4.7 51 

15 6 90. 

16 7 147 



[0123] Raising the percent of tannic acid from 4.2 to 
dramatically increased the strength the expanded gel. 
reported in Table 5 it was discovered that increasing 
tannic acid from 7 and 12% resulted in little further 
strength. 

[0124] Effect of Superdisintegrant Content on Gel Strength 

[0125] Formulations were prepared as described in Example 2 with varying 
amounts of croscarmellose sodium. Tablets were pressed and the tablets 
were immersed in simulated gastric fluid as described in Example 2. All 
the tablets swelled to at least 23. times. 18 mm in 15 minutes. The 
formulations tested and the results of the measurement of gel strength 
are provided in Table 6. 

TABLE 6 



7 percent 

In experiments not 
the percent of 
increase in gel 



Strength of Expanded Gels as a Function of 
Croscarmellose Sodium Content 

Formulation No. (wt. %) 
Ingredient 17 18 19 



HPC 



46.6 



50 S5..9 



Croscarmellose sodium 31 26 21.4 

HPMC K15 1^5 g • 

Tannic acid 3 - 3 x 
Magnesium stearate 1- 

Weight required to deflect 90 116 ib 
gel by 4 ram (g) 

[01261 As can be seen in Table 6, lowering the percent of the 
iuperdisintegrant in the formulation tended to increase the gel 
strength. 

Example 4 

Gastric Retention Delivery System with In Situ External Tablet Adhesion 

[0127] One method of obtaining pulsed delivery of a drug in the stomach 
llll aXach tablets with predetermined delays before disintegration to 

oastrJc retention delivery system ( GRDS ) tablet. Such attachment can 
be tnrough partial embedding of rhe tablet in the GRDS -trixor by 
adhering it externally to the GRDS. In this example we show the 
feasibility of such external adhesion. 

[0128] The GRDS formulation was that shown in Table 7. 

TABLE 7 

ingredient Weight Percent 



HPC 


50. 


.3 


HPMC 


16. 


.7 


Croscarmellose Sodium 


22 




Tannic Acid 


. 10, 


.0 


Magnesium Stearate 


1.0 



rni?91 The powders, except, the lubricant, were mixed for five minutes. 

insSaL'was then added and the powders mixed for one 
' The blend was pressed into rectangular (truncated oval) tablets ot 

Is 7 times. 7 mm in a Manesty f3 single punch tableting machine. 



more 
10. times. 7 



f 01301 An adhesive solution was prepared as follows. Sodium caseinate 
Sio?ic^M 50 15 g) was dissolved in 100 ml water by stirring overnight 
afroora 'temperature! 500 ml of ethanol was added with stirring to obtain 
an emulsion of 2.5% sodium caseinate in water : ethanol . 

[0131] The tablets were then coated with the adhesive. The emulsion was 
: J J CO ated on the tablets in a pan coater at a rate of 4 ml /min with 
the Loduct temperature between 30-40. degree. C. to a coating weight of 
between 5 and ?4 mg. The tablets were air dried in the coating pan to 
give GRDS tablets coated with the adhesive. 

f 01321 Placebo tablets based on microcrystalline cellulose were prepared 
5 times'* times 5 mm rectangular) and coated with Eudragit.TM. S to 
make Jhera impervious to acid conditions. The tablets were loaded into a 
Satin loo capsule in a stack such that a GRDS tablet was in between 
S placebo tablets. The contact between the tablets was on the 
7 riraes.7 ram face of the GRDS tablet which is perpendicular to the 
compression axis. 

[0133] The gelatin capsules were placed in 0.1 N HC1 in a USP type II 
dissolution bath at 3?. degree. C. and stirred at 50 RPM. The capsule 
dissolved and the three tablet stack adhered to one another in situ. 



With in 15 minutes the GRDS tablet had swollen tc ,13 At 
10. times. 7 mm (the swelling being mostly along the c mp ^ 
two hours the GRDS tablet had swollen ^^^espite its swelling, for 
tablets remained attached to the GRDS tablet d p ^ vl-biuty of 

over 12 hours in the dissolution bath, in or stack 
the adherence under more vigorous conditions °f * ^ tester at .50 
placed in 0.1 N HC1 at 37 degree. C ^^"in a disintegration tester 

Example 5 

*„r r-tric Delivery of Antineoplastic Agents 
Solid Dosage Forms for Gastric uej.xv<=i.y 

, *n*nt can be formulated with the GRDS system in 

[0134] An antineoplastic agent can ££j throughout the 

several ways. It can be disper se * separate tablet that is 

formulation. It can be formulated into a W£ sepa rate layer 

embedded into the GRDS matrix. It can be controlled release 

and a bilayer GRDS formed. ^^""^ GRDS portion has swelled 
in each of the formulations below while the GRDS p advant . The 
great ly to afford gastric retention. Each form ^ however, 
dispersed tablet has the /« e ° Q ^ V L the rate of release 
has less flexibility in f emulative control dictated b its GRDS 
since most of the excipients in the matrix are di some what more 

nature. The embedded ta "et the bxlayer^ ^ fc £oJf both 

complicated to form, necessitating spe cia advantage 

embedding tablets and *« J^^*^ ^ hereby allowing a 

full freedom in formulating tne arug J-dyc , 
grea ter mealurl of control for the drug release profile. 

[0135] 1) irinotecan Dispersed Homogeneously Throughout the GRDS 
[0136] Tablets containing irinotecan were made b^ct^^ 
The formulations made are give ^aiiy f or three minutes, 

the magnesium stearate -"^^^^Lxed for a further minute. 

SrS2 ^"^50^ tablets in a Korsch 6 punch press 
using oval punches of dimension 16. times. 8 mm. 

TABLE 8 

20 21 22 

Ingredient 

7 i 7.1 7.1 

Irinotecan • 47 ^ 6 49.8 . 

HPC HF . 23 . ! 17.3 

Croscarmellose sodium xi-o 13 6 15.9 

HPMC K15M J b 4 y 8> i 9.4 

Tannic Acid »• 0<5 0#5 

Magnesium Stearate u.o 

[0 1 37] The tablets were ^^'^^^"aSd'Jor drug 
described above in Ex *• £j tablets ^ ^ ^ ^ 

oatnTt S.E^I. 9 "^" Paddle speed of 50 RPM. The results of 
these tests are given in Table 9. 

TABLE 9 

Swelling and Dissolution of Irinotecan in Dispersed GRDS Tablets 



Time Formulation No. 
Characteristic <hr) 20 21 



22 

21.3 .times. 14.4 31.1 -times. 28.0 28.4 .times 



Dimensions 

26,3 u • u 4- \ 3 22.9 .times. 16.3 30.9 .times. 29.1 29.0 

(length .times, height) (mm) 3 . 

.times. 26.7 ^ 19 Q 32>1 . times . 29.1 28.9 .times. 



28.3 

Water uptake (g) 



1 

3 
6 

Gel Strength (g) * 

6 

Percent Release of 2 

Irinotecan * 

6 

8 



1.4 
2.3 
3 


8.9 
9.6 
9.6 


7.6 
7.7 
7.7 


1188 
801 


105 
101 


106 
161 
193 


554 


101 


0 


18 


7 


1 


31 


11 


2 


43 


16 


4 


54 


20 



TABLE 10 



. 4- « in a Tablet Partially Embedded in the GRDS 
[0138] 2) Irinotecan in a laoiet r«»j. jr 

. ■„ m- hlp in were granulated with 
[0139] irinotecan and the excipients in Tab le l y added and the 

iter! dried and milled Ma gnesium Stearate (0^.5%,^ ^ g were 

^^TS^ tablet machine. The formulations 

tested are given in Table 10. 



Formulations of Inner Irinotecan Tablet Formu] _ ation No- 

(wt. %) 

23 24 

Ingredient 

70 70 

Irinotecan • 25 0 

' Lactose Q 20 

Mannitol 10 
HPMC K100LV 



with a thin coat (. about . 10 .mu . ) 
[0 140] These core tablets were coated with a thi ^ soluble in 
layer of Eudragit E, * ^^"^ets w«e then embedded at the surface 
^iS'S^l^ coition is shown in Table 11. 



TABLE 11 

GRDS Composition of Formulations Ho. . 23 JJ^^ 
Ingredient 



Croscarmellose sodium 22.0 
HPC HF oUe ° 
HPMC K15M 
Tannic Acid 

Magnesium stearate I • u 



16.7 
10.0 



TABLE 12 



Curative Petcent Keaeaae of Dru g J^"^.?"' 1 * 

23 24 

Time (hr) 

0 0 

0 6 3 

1 14 7 

2 63 27 
4 87 73 
8 

[0142] 3) irinotecan as a Separate Layer-Bilayer GRDS 

[0143] irinotecan was granulated with ab out 10* ol : the HPMC and^half the 
mannitol using water as the granulation l^^^scarmell ose sodium, the 

^^^^^^^^ ^ magn6SiUm Stearate 

for a final formulation as shown in Table id. . 

TABLE 13 

Irinotecan ^ 

HPMC K100LV 27 

Mannitol « 

Croscarmellose sodium ^ 

Magnesium stearate 0- 3 

[0144] The GRDS layer was made by blending the following ingredients: 

TABLE 14 

Croscarmellose sodium 20 
HPC HF 52 
HPMC K15M ^ 
Tannic Acid 
Magnesium Stearate 



10 
1 



[0145] The GRDS blend, 800 j;^^^ £ a liSS"^ 
oval punch. The irinotecan blend ^ 2™»J ' ^ 9 d into a bilayer 

over the GRDS blend. The entire assem ^"„ ^ erties a nd were tested 
tablet. The tablets showed proper -a described 

S^TSbTiSStl" "toe reiease at. aho„„ in Ta bl e IS. 



TABLE 15 

Cumulative Percent Release of Drug from Bilayer Tablets 

Time (h) Percent Release 

0 0 

1 33 

2 49 
4 85 
8 98 



Example 6 



Enhanced Systemic Delivery of Irinotecan and SN-38 by Gastric Absorption 
of Irinotecan in the Beagle Dog 

[0146] Introduction 

[0147] Six dogs are used in a 3 way crossover study to determine the 
area under the curve ("AUG") of bloodstream J"?""^;^ 
after oral administration of irinotecan xn a GRDS tablet and after an 
i.v. dosing of the drug. Blood samples are taken at predetermined 
intervals and the concentration of irinotecan lactone, irinotecan 
carboxylate, SN-38 lactone and SN-38 carboxylate are determined by HPLC 
methods. SN-38 is the active metabolite of irinotecan and only the 
lactone form is active. A plot of plasma concentration against time 
allows calculation of the area under the curves and the relative 
bioavailability of the various forms of the drug Enhancement in the 
percentage of the lactone form of SN-38 when dosing orally with a GRDS 
formulation makes oral dosing a viable alternative to i.v. dosing. 

[0148] Blood Sampling for Pharmacokinetic Evaluation 

[0149] Prior to the study, an adequate amount (5-10 ml) of whole blood 
is drawn from each dog. The blood is used to prepare ^s^rd 
calibration reference curve. At the study, the foreleg (right or left, 
as deemed appropriate by the animal handler), is shaved using an 
Tlectric shaver! and the area cleansed with a ^lorhexxdine swab. A 
permanent in-dwelling polyethylene catheter is insert ed using a 23 gauge 
needle in the cephalic vein in the foreleg of each dog and taped in 
place to allow for periodic blood sampling over 12 hours. A Pl«tic 
bonnet is placed around the head of each dog to ensure that the dog s 
mouth cannot reach the catheter site. 

[0150] At each time point, 2 . 0 ml blood is removed by syringe and then 
placed into a pre-labeled heparinized test tube. The test-tube is 
Mediately centrifuged and extracted with cold methanol to prevent 
equilibration between the lactone and the carboxylate forms of the two 
drugs after the blood has been drawn. The concentration of the 
components are measured using literature HPLC methods See Drengler, R. 
L et al., "Phase I and Pharmacokinetic Trial of Oral Irinotecan 
Administered Daily for 5 Days Every 3 Weeks in Patients with Solid 
Tumors", Journal of Clinical Oncology (1999), 17, 685-696. 

[0151] The Study 

[0152] The dogs are fasted overnight for a period of at least 12 hours 
It whicn time'they receive a single mixed meal of "lid food and liquid 
nutrients. 250 grams of bite-size commercial dog chow (Bonzo Feed.RTM. ) 
are measured and placed in a feeding dish. The dog is allowed to eat 
over tfraction (1/2)} hour-, at which time the dish is removed. The food 
remaining in the dish is measured and the difference from the original 
250 grams is recorded as the amount of food consumed. Additionally 250 
calories of liquid nutrients (Ensure. RTM. , 237 ml) are administered via 
a gastroesophageal feeding tube. No additional food is allowed for the 
duration of the study, but water is provided ad libitum from a tap m 
the dog's cage during the study. 

[0153] Prior to dosing, the dog is prepared for catheter insertion and a 
"pre-dosing" "0" hour blood sample is drawn. The blood is drawn and the 
sample handled as described above. 

[0154] Two hours after the meal, the dog is dosed with the test tablet. 
After administering the test tablet, 300 ml of pH regulated (pH 2.0) 
' water is administered by flexible tubing to the stomach. Every hour 



following dosing, up to 12 hours, a sample (2 ml) of whole blood is 
withdrawn from lie catheter and placed in a heparinized glass test-tube. 
?he blood samples are centrifuged immediately and extracted with cold 
methanol. The methanol samples are analyzed by HPLC. 

[0155] Results 

[0156] The following ratios may be derived from the HPLC results of 
tests in which irinotecan is administered orally in . gastric retention 
dosage form and in which the drug is administered intravenously. 
##EQU1## 

[0157] Quantity "A" is the total area under the bloodstream 
concentration curve over time. Superscript "GR" refers to results of a 
test In whicn irinotecan was administered in a gastric retention dosage 
form according to the invention and superscript "IV" refers to results 
of a test in which irinotecan was administered intravenously. 
Superscript "Oral" is used below to refer to results of a test in which 
Kinotecan was administered in a conventional, non-gastric retention 
dosage form. 

[0158] A.sub.Total=A.sub.Lactone+A.sub.Carboxylate is the sum of the 
Ireas under the curve of lactone and carboxylate forms of the species. 



r 01591 These ratios are useful for calculating the relative 
bioavailability of active form irinotecan and SN-38 by different routes 
. of administration. The literature contains data on the bioavailability 
achieved by conventional oral administration and by intravenous 
;2£S?r.tio», from which the relative bioavailability of irinotecan 
and its active metabolite by conventional oral administration and 
intravenous administration can be calculated, as shown in Table 16. 
TABLE 16 

Relative Oral, Non-Gastric Retention Bioavailability 
of Irinotecan and SN-38 Derived from Literature 

m = Irinotecan m = SN-38 



0.12 0.16 

0.35 0.73 

0.35 0.50 

0.12 0.22 



##EQU2## 
##EQU3## 
##EQU4## 

Calculated Relative Bioavailabilty of 
Lactone ##EQU5## 

Drenaler R L et. al , "Phase I and Pharmacokinetic Trial of Oral Irinotecan 
Ad^nistered Daily for 5 Days Every 3 ^eks in Patients with Solid 
Tumors", Journal of Clinical Oncology (1999), 17, 685-696. 

[0160] As can be seen, the relative bioavailability of ^th the 
■irinotecan and SN-38 lactones when irinotecan is administered orally is 
less than 25% of their bioavailability when irinotecan is administered 
intravenously. 

' [0161] It will be seen that gastric delivery of irinotecan greatly 

increases the bioavailability of the metabolite. By increasing the ratio 
of SN-38 that is adsorbed in the lactone form ##EQU6#ff 



„10, fro. 0.73 to 0.9 and incre.sln, overall delivery of SN-38 to the 
bloodstream ##EQU7## 

[01 «, from 0 : 16 to 0. throu* > retention -^i^-^tj. 
£°r£. ^S^Sy^-J..!- fact one ac* sieves a 
bioavailability of SN-38 of 0 7 o"SSS«n and the 

bioavailability. Improvement in the absorption achieved (e .g. 

proportion that is absorbed in lacto ne f °™ ^ ^° SN _< 8 J, a 

0.12.fwdarw.0.2 and 0 . 35 . fwdarw. 0 . 5, "*P* ct ^ e J^ ease in degre e of 

£3®2B£=s3fi5sr- 

option in light of the greater ef£ "^ v "'"^ high dose treatment, 
administration ^^^.SS^'So agfformfof this invention are 
Embodiments of the gas trie « tenti * d combina tions 

adapted for -stained, JiSt^Sdnirter them orally in a home 

patient or caregiver. 
Example 7 

Liquid Formulation of Paclitaxel for Gastric Delivery 
[0165] Introduction 

[01661 Oral dosing of paclitaxel is limited ^"^J"^^^ 
and by its active exclusion from -testina ^^^.^V. 

obtaining a solution of 1 mg/ml P^^; o ^ 1 bloava ? labi iity because 
formulation will n ^.^ a *^ e * J ng ^ne absorption of the drug. Gastric 
the Pgp pumps are still P"^?*"* n its oral delivery by forcing 
S^SS - ST^SiS^tl^i ^t«=h and thus avoldln, the 
areas of maximum Pgp pump activity. 

[0167] Methods 

I01 «, Three rebblt, weiuhln, 2 .5 * each l^lllT' 

^L%T,^l El action of , --^/f-- rtjon .„d 
formulation of S»- Blood samplea ere 

SlTS^SSS^ lnterv."a»d the concentretion of p.clltaxe! ra 
determined by HPLC methods. 
[0169] Test Solutions 

suspension is well mixed and " n *"£J g * h e alginate will react 

S!K«S 2?S&23S£SlA^ -le, 

alginate-alginic acid gel which traps ™e £ , fl t on the 

SiSfS^^.S^J5^«J and La proper, of 



floating give the mass gastric retentive properties. 



rabbit. 



[0173] Blood Sampling 

101141 Blood is drawn from , vein in the rabbit's ear A blood of 
JTli is t.aen fro. the rabbit prior to -JJ-J^-. ^"'^^i ^ 
krplasrrroSn^r^Srer'c'Tor-subse^nt analysis bv „P,C bv 
literature methods. 

[0175] Results 

,„„„ /.=Uta r l«ratio„= J in the ^^"t^^ 
plotted against time for all three ™" * calculated for 

^ S -Tof 2\ no .ethod ^o that obtained 

i^^^-?^ » Vr^aSe-™ 1 

^^iT-SSS^^*^ iSS^ °- „on- g astrio 
retention oral delivery of the paclitaxel. 

being indicated by the claims which follow. 

CLM What is claimed is: i ■ «„,.-4-4 nn in a tumor of a patient by 

1. A method of inhibiting cell ^"^^^Lrm o/liquid 
orally administering a gastric "t"*"* soi * herein the dosage 

.Son. «'t„e":tabo?ite — f lr»™ js ££££ « ultin, 



the tumor. 



2 . The method of claim 1 wherein bioavailab i^^Y is measured by the area 
under a curve of bloodstream concentration of the metabolite 



time . 



3. The method of claim i MJjrji. ^^^KiJSiSmy^k- 
UC Sr.2T^ thrSood rre^m concentration curve for gastric 
"tention administration divided by the area under the bloodstream 
concentration curve for intravenous administration, is about 0.5 or 



higher. 

4 A method of inhibiting cell proliferation in a tumor of a patient by 
orally administering a gastric retention solid dosage form or liquid 
composition containing an antineoplastic agent that is susceptible to 
removal by the P-glycoprotein efflux pump, wherein the dosage form or 
liquid composition releases the antineoplastic agent in the patient's 
stomach, wherein the biovailability of the antineoplastic agent is 
greater than the bioavailability when the antineoplastic agent is 
administered in a non-gastric retention solid dosage form or liquid 
composition, resulting in enhanced systemic delivery of the 
antineoplastic agent to the tumor. 

5. The method of claim 4 wherein bioavailability is measured by the area 
under a curve of bloodstream concentration of the antineoplastic agent 
versus time. 

6. The method of claim 4 wherein the antineoplastic agent is selected 
from the group consisting of etoposide, paclitaxel, doxorubicin and 
vincristine. 

7. A solid pharmaceutical dosage form for enhanced systemic delivery of 
an antineoplastic agent comprising, as an active ingredient, an 
antineoplastic agent that is capable of absorption through the lining of 
the stomach, jejunum or duodenum of a patient and a gastric retention 
vehicle composition comprising a hydrogel, wherein the dosage 

form expands upon contact with gastric fluid and wherein after ingestion 
by a patient the gastric retention vehicle composition expands to retain 
the dosage form in the patient's stomach for a prolonged period of time. 

8 The pharmaceutical dosage form of claim 7 wherein the antineoplastic 
agent is absorbable through the lining of the stomach and is susceptible 
to base induced deactivation. 

9. The pharmaceutical dosage form of claim 8 wherein the antineoplastic 
agent is irinotecan. 

10. A method of inhibiting cell proliferation in a tumor of a patient 
afflicted with metastatic carcinoma of the colon or rectum by orally 
administering a dosage form of claim 9 to the patient. 

11. A method of inhibiting cell proliferation in a tumor of a patient 
afflicted with metastatic carcinoma of the colon or rectum by executing 
a therapeutic program of repeated oral administration of dosage forms of 
claim 9 to the patient. 

12. The method of claim 11 wherein the dosage forms contain a unit dose 
of' from about 20 to about 250 milligrams of irinotecan. 

13. The pharmaceutical dosage form of claim 7 wherein the antineoplastic 
agent is susceptible to deactivation by the Pgp efflux pump of cells of 
the lining of the small intestine. 

14. The pharmaceutical dosage form of claim 13 wherein the 
antineoplastic agent is selected from the group consisting of etoposide, 
paclitaxel, doxorubicin and vincristine. 

15. The solid pharmaceutical dosage form of claim 14 wherein the 
antineoplastic agent is etoposide. 

16. A method of inhibiting cell proliferation in a tumor of a patient 
afflicted with testicular tumors by orally administering a dosage form 



of claim 15 to the patient. 

17 A method of inhibiting cell proliferation in a tumor of a patient 

afflicted with testicular tumors by executing a therapeutic program of 

repeated oral administration of dosage forms of claim 15 to the patient. 

18/ The method of claim 17 wherein the dosage forms contain a unit dose 
of from about 25 to about 250 milligrams of etoposide. 

19 A method of inhibiting cell proliferation in a tumor of a patient 
afflicted with small cell lung cancer by orally administering a dosage 
form of claim 15 to the patient. 

20 A method of inhibiting cell proliferation in a tumor of a patient 
afflicted with small cell lung cancer by executing a therapeutic program 
of repeated oral administration of dosage forms of claim 15 to the 
patient'. 

21 The method of claim 20 wherein the dosage forms contain a unit dose 
of from about 25 to about 250 milligrams of etoposide. 

22. The solid pharmaceutical dosage form of claim 14 wherein the 
antineoplastic agent is paclitaxel. 

23. A method of inhibiting cell proliferation in a tumor of a patient 
afflicted with non-small cell lung cancer by orally administering a 
dosage form of claim 22 to the patient. 

24. A method of inhibiting cell proliferation in a tumor of a patient 
afflicted with non-small cell lung cancer by executing a therapeutic 
program of repeated oral administration of dosage forms of claim 22 to 
the patient. 

25 The method of claim 24 wherein the dosage forms contain a unit dose 
of from about 25 to about 250 milligrams of paclitaxel. 

26. A method of inhibiting cell proliferation in a tumor of a patient 
afflicted with ovarian cancer by orally administering a dosage form of 
claim 22 to the patient. 

27 A method of inhibiting cell proliferation in a tumor of a patient 
afflicted with ovarian cancer by executing a therapeutic program of 
repeated oral administration of dosage forms of claim 22 to the patient. 

28. The method of claim 27 wherein the dosage forms contain a unit dose 
of from about 25 to about 250 milligrams of paclitaxel. 

29. A method of inhibiting cell proliferation in a tumor of a patient 
afflicted with breast cancer by orally administering a dosage form of 
claim 22 to the patient. 

30. A method of inhibiting cell proliferation in a tumor of a patient 
afflicted with breast cancer by executing a therapeutic program of 
repeated oral administration of dosage forms of claim 22 to the patient. 

31. The method of claim 30 wherein the dosage forms contain a unit dose 
of from about 25 to about 250 milligrams of paclitaxel. 

32. The solid pharmaceutical dosage form of claim 7 wherein the gastric 
retention vehicle composition further comprises tannic acid. 

33. The solid pharmaceutical dosage form of claim 7 wherein the gastric 



««ntio„ vehiel. co„p. 5 itio„ further eo.prls.s . s up,rd iS ir,t eg „„t. 

ssssssrs^sss a» ^ ^ 

mixtures thereof, 
hydroxypropylcellulose . 

36. The solid pharmaceutical dosage for, of claim 35 whereir ^thyj-trie 
retention vehicle composition comprises. a) from abou 

weight percent of the hydrogel, ^ hydrogel lcelluloS e in a 

comprising hydroxypropyl f^ 1 " 1 ^^"? fr Z about 25 to about 

weight ratio of from about 1 : 3 to abou .3, b) 2 fco 

75 weight percent of the superdisintegrant, ana c, 
about 10 weight percent tannic acid. 

37. The solid pharmaceutical dosage for, of claim 36 whereir J^gastric 
retention vehicle composition ^prises a) from abou 

^ the 

total weight percent to 100. 

33. The solid Pharmaceutical dosage form of claim ^wherein^he^astric 

retention vehicle com P osltl ?" ^"e! rulose, b) from about 45 to about 
weight percent hydroxypropyl "f^"^^";, f^m about 25 to about 35 
50 weight percent hydroxypropyl cellulose c) r about 1Q 

weight percent sodium starch glycolate, and d) from a 
weight percent tannic acid. 

39. The solid pharmaceutical dosage form of claim 36 whereir > ^gastric 
retention vehicle ^sitxon cw»e8. fr«« ab ^ ^ ^ about 

weight percent hydroxypropyl met ^yl^llulose, , ^ 35 

s^^^sjt-ss^' * <~ 1 to * b ° ut 10 

weight percent tannic acid. 



fold, 
fold. 

retention vehicle composition expands in voxm . 
fold. 

45 . The solid pharmaceutical dosage form J^jlj 7 "h.r^J ^ga^tri^ 
retention vehicle composition expands to its fullest 



fifteen minutes 



„. The solid pharmaceutical dosage form SE^^jTSSS 
retention vehicle composition expands to its 
five minutes . 

.,. The solid pharmaceutical dosage form of claim J ij*^™* J gent 

48 The solid pharmaceutical dosage form of claim 7 wherein the dosage 
form is ovoid or elliptical in shape. 

to about 20 mm in the third dimension. 

50. The solid pharmaceutical dosage form of claim 49 having dimensions 
of about 6 mm by about 6 mm by about 16 mm. 

51. A li^id pharmaceutical composition ^.S^SgSSS? an^"' 
of antineoplastic agents comprising, as "tive ing q£ 
antineoplastic agent that is "P^YoaSenc and a gastric retention 
the stomach, jejunum or duodenum of a pat a ingest ion 

vehicle ^•^SSS'i^tSi ^hiSe composition gels or 
SE^lSSrJo*^ Sage form in the patient's stomach for a 
period of three hours or more. 

- tr- the ■ 

albumin, casein and gelatin. 

54 The liquid pharmaceutical composition of claim ^wherein the 
gastric retention vehicle composition comprises a polysaccharide. 

55 The liquid pharmaceutical composition of claim 54 wherein the 
gastrfc retention vehicle composition comprises a mixture of 

extensively protonated in gastric fluid. 

56 The liquid pharmaceutical composition of claim 55 wherein the 
surfactant is selected from the ?« U P ~"^J e ^ lnate chloride and 

SSEaSTSSS- »PSS=^S — p-dodecylben Z ene 
sulfonate . 

Ilstrrc £.£o„=^ 
and a divalent metal salt. 

3-23% degree of amidation. 

59 The liquid pharmaceutical composition of claim 57 wherein the 
divalent metal salt is calcium carbonate. 



60. The liquid pharmaceutical composition of claim 54 wherein the 
gastric retention vehicle composition comprises methyl cellulose . 

61 The liquid pharmaceutical composition of claim 60 wherein the 
methylcellulose comprises 5% or more of the dosage form by weight. 

62 The liquid pharmaceutical composition of claim 51 wherein the 
gastric retention vehicle composition comprises a mixture of from about 
0 5 weight percent sodium alginate, from about 0.5 to about 3 weight 
percent of a natural polymer selected from the group consisting of 
xanthan gum, carrageenan and gelatin. 

63. A method of inhibiting cell proliferation in a tumor of a patient 
afflicted with metastatic carcinoma of the colon or rectum by orally 
administering a liquid pharmaceutical composition of claim 51 wherein 
the antineoplastic agent is irinotecan. 

64. A method of inhibiting cell proliferation in a tumor of a patient 
afflicted with metastatic carcinoma of the colon or rectum by executing 
a therapeutic program of repeated oral administration of a liquid 
pharmaceutical composition of claim 51 wherein the antineoplastic agent 
is irinotecan. 

65 The method of claim 64 wherein the liquid pharmaceutical composition 
is administered in a unit dose of from about 20 to about 250 milligrams 
of irinotecan. 

66. A method of inhibiting cell proliferation in a tumor of a patient 
afflicted with testicular tumors by orally administering a liquid 
pharmaceutical composition of claim 51 wherein the antineoplastic agent 
is etoposide. 

67 A method of inhibiting cell proliferation in a tumor of a patient 
afflicted with testicular tumors by executing a therapeutic program of 
repeated oral administration of a liquid pharmaceutical composition of 
claim 51 wherein the antineoplastic agent is etoposide. 

68. The method of claim 67 wherein the liquid pharmaceutical composition 
is administered in a unit dose of from about 25 to about 250 milligrams 
of etoposide. 

69. A method of inhibiting cell proliferation in a tumor of a patient 
afflicted with small cell lung cancer by orally administering a liquid 
pharmaceutical composition of claim 51 wherein the antineoplastic agent 
is etoposide. 

70. A method of inhibiting cell proliferation in a tumor of a patient 
afflicted with small cell lung cancer by executing a therapeutic program 
of repeated oral administration of a liquid pharmaceutical composition 
of claim 51 wherein the antineoplastic agent is etoposide. 

71 The method of claim 70 wherein the liquid pharmaceutical composition 
is 'administered in a unit dose of from about 25 to about 250 milligrams 
of etoposide. 

72. A method of inhibiting cell proliferation in a tumor of a patient 
afflicted with ovarian cancer by orally administering a liquid 
pharmaceutical composition of claim 51 wherein the antineoplastic agent 
is paclitaxel. 

73. A method of inhibiting cell proliferation in a tumor of a patient 
afflicted with ovarian cancer by executing a therapeutic program of 



repeated oral administration of a liquid pharmaceutical composition of 
claim 51 wherein the antineoplastic agent is paclitaxel. 

74. The method of claim 73 wherein the liquid pharmaceutical composition 
is administered in a unit dose of from about 25 to about 250 milligrams 
of paclitaxel. 

75. A method of inhibiting cell proliferation in a tumor of a patient 
afflicted with breast cancer by orally administering a liquid 
pharmaceutical composition of claim 51 wherein the antineoplastic agent 
is paclitaxel. 

76. A method of inhibiting cell proliferation in a tumor of a patient 
afflicted with breast cancer by executing a therapeutic program of 
repeated oral administration of a liquid pharmaceutical composition of 
claim 51 wherein the antineoplastic agent is paclitaxel. 

77. The method of claim 76 wherein the liquid pharmaceutical composition 
is administered in a unit dose of from about 25 to about 250 milligrams 
of paclitaxel. 

78. A method of inhibiting cell proliferation in a tumor of a patient 
afflicted with non-small cell lung cancer by orally administering a 
liquid pharmaceutical composition of claim 51 wherein the antineoplastic 
agent is paclitaxel. 

79. A method of inhibiting cell proliferation in a tumor of a patient 
afflicted with non-small cell lung cancer by executing a therapeutic 
program of repeated oral administration of a liquid pharmaceutical 
composition of claim 51 wherein the antineoplastic agent is paclitaxel. 
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G0022 D01 Dll D10 D12 D51 D53 D58 D63 D86 F27 F26 F41 H0146 ; H0011* 

; L9999 L2404 ; H0088 H0011 ; P0088 
Polymer Index (1.2] 

017 ; ND01 ; Q9999 Q7250 ; Q9999 Q8037 Q7987 
Polymer Index (1.3] 

017 ; R03252 D00 F16 F48 F60 H* N + 5A O* 6A S* ; R05329 D00 F48 

F60 0+ 6A S + Na 1A ; C999 C000*R ; C999 C306 
Polymer Index (1.4} 

017 ; R00822 G1025 G0997 D01 Dll D10 D50 D.82 F28 F26 ; A999 A475 



SECONDARY -ACC-NO: 

CPI Secondary Accession Numbers: C1995-171830 



<i9)B*attft* (jp) 02) & Wi ^ ¥f & W < A > ummmmsn 

#W¥7 -277981 

(43)&fHB ¥&7*P(1995)10;!24B 



(51)Inta e MB* /?fc631## F I ^ffi^Siffi 

A 6 IK 31/47 ADU 

9/52 A 
47/32 B 
47/42 B 
// A 6 IK 35/78 C 8217-4C 

»*«©R3 #38 (& 8 S) ft»Hfc«< 



(21)tiiH## #K¥6- 107359 


(71)tiiKA 


000006884 








(22) tUK B 6 (1994) 4fll2B 




mm&tmm 1 tb 1 #i9# 




(71)fflRA 


000002831 


m&mo&% i «3Bffl*irtt) ¥£6*2*1208, 






B*#lgai#£aff<Z> rffll^l^Vo 1. 20 No. 




JlCK«+*K B *ffi 3 T i 14#1<HI 


1J 


(72) 


«SF 






«ffll^S*MmiIH»K«SgBlf 1-11-2 




(72)5BSH# 


±« ft* 






#E*R*ifc&&»rT±mi88 tsfasrt 




(72)?SW# 


ffiffl IE 






»»*fe*SrUi!aKe6K 1 -264 




(74)ttSA 





(54) ran®**] ®tnmm&m 



(57) [a»] 

Fodfi/xf-;U- ^^^'Jl/-hfc03 • #l)V— j&»^> 
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(2) 

1 

2-t Fa^i/X?-^ Fk<93 • #yv 

Fo*->k U:,! k£l#®k-*-6, #S,ffi5tlt£m 

7Ff yy, ifctt7-xf-/p-i o-tr^yyvtv* 
iE»o«*ttfit«nB»i. io 

[00013 

x-f/l/- ^??yy-Fkc7):J • jKyv-a^S. ffl 20 
[0002] 

[fl*aW3 ^yrhri^y (camp to thee i 
n, CPT) ti, 4»EK*C0Sffl (Camptothe 
caacuminata) <3j6<Wftfe$:fc'fc*3r$*lS 

7 -x-f/1/- 1 0 - t^'J i'V^I) 
^ri/^yThr^y (CPT-1 1. #^¥3-4 07 
7 ^&«#Sg ) « C P W&ffl&kWZ U ** 30 

O^<S0lS8*«HMvO*S. CPT-1 Hi. 
T"ftf8$rVC, itlt>CPTW^^^-C'ifeS7- 
X-f/V- 1 0-t HD^y^yrhfyV (SN-3 
8, #^B36 2-47 1 9 3^S#BS) k&9*Stt# 

[00 03] BP*?, CPT-1 HiSN-3 8<D7 - QK 
(prodrug)tW. CPT- 1 It SN 

£iVCVi|> (Kanedaf>, Cance r Re 
s., 50, 1715 (1990), Nag a. ta£, 40 
J. Aichi Med. Univ. Assoc. , 1 
5, 683 (1987),Tricol i £>, Exp. 
Cel 1. Res. , 158, 1 (1985), Nag 
ata^b, Cancer Treatment Rep 
ort s, 7 1, 34 1 (1 987) #M) . /}y?h 

-fyy, 7-xf-;u*yrhryy, 7-xf-zl^-lO 
-t Fo^v-^yThTv-y. CPT- 1 lT'tt«$ft 

s, ^yrFf-^yl^frPii, ^mt, ttviftBf 



^¥7-2 7798 1 

2 

[ o o o 4 ] f y 7 ? *+ksi t 

oa^-yytf^ttJi^liSrSU LA»t)**MyRtt"C 
&|,,rk3Wtt«£fc^T^S>. g*<S9t Fo-J^l/kg 

<7)4 3 t't2-t Fn^v-xf-vu- *??yw-F (HE 

m a ) cox y v-jiAxftjs. y 7 f n y * ? f uyx 

[0005] 

«03 • ^y-7-<o^af***ft Lxco^mmzms 
u c^^^y7^Tvyif^#^»scitos!«'r\^j£ 

t jj^fi k * HIS L*»«S5i3K-r 4 ti'l -> £ . *IWi 
[4, *yTFr^y^3H*Sr> a?~jr'yk 2-t F'o 
dfyxfvF ■ p<??y y- Fkoa • 

ft, a^-yy^geiHS^fciiJaatiy^ W 
[0006] OTt. *&m*m&£mtti> . *»w 

TSHfflTSi^yrFf-^VUWMtckLTtt. 7cM*# 
^y/hfyVii* ( 1 o-bFa^y^yrFf- 
yy, 1 1 -tFa* y#y7'Fryy, 
^yrFf-yy. i o-^F^y^yrFf-yy. 11 
-^F^y^yrFf-yy^) KZtfWfktii. * 

1-1 86 8 92^fiJ:tmiB 3 F 1-279 89 1-^ 
&k'i*-tf£>ixi>. 7c^,^yrFry 
y^SrJl^Kfflv^^«fPLT#4»iil», f^iSSi: 

£z*y?hTi'ymmtiz\i, 7-tHD^ 

^k*teJ:tf-t<0R»* (1^^6 2-42 9 1 1^*5 

2-429 1 3#^I8#^) . 
t H»«J:V*«Wi* (#&BS6 2-47 19 1#, 
^&^6 2 -4 7 1 9 2-*§-fcJ;U r #&fl36 2 -4 7 1 8 
9#&$8#!S) , 7-x^*y7 , Fryy ; 2rk'W7- 
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(3) 



7798 1 



7iV*M* (^BS6 2-4291 . 7 

-*/l^y®^gft («§BIB58-1 54 582^^6 

2-4 29 1 2-f, !ftfflK5 6-123 94^fcJ:y^ 
&8g6 3-6 0 7 2#&f8#B§) , ^yrhfv^A 
89, 10, 11, 12{4(C^Fd2, 75/1. vnd 

-47 193^. #&BS6 3-60 7 0-t. #£¥3- 
1 06 30^§\ #&¥3-l 2070#fc<ttm^¥4 
- 34 9 9 9#^#gS) AW S>*1& . $ ^> 10 

-fSfctf) <*&¥3-68 0 0 7*&«H8) , AiKO 
bFa^l^T-yy&xxf/k HSKxxr;k 
nS/FfcbfcfcW (#£¥5-69 1 1 2^ &ISB36 
2-1 9 5 3 84-9&JWKHH6 3-2 3 80 98^ 

tffcttf) (ft&¥5-6 9 1 1 l^fcil/Wrl -2 
4 9 7 7 7 Wfi#!S) , E8I7? FySHfiSiS^Jg 

(1*HPP 1-13 117 9#&tR#S&) 20 

[ooo73 mtt h$mm?n. m&<omm#> i 
t, mtt&mmfttf'nbtix^hcpT-i 1 (7-x 
j-iv- i o-tr^ u f< D tisutf-jux* isii 

.#*&*uov&»iiwrc* f f ^afflTrowtf * s 

N-3 8 (7-xf-A—10-t Fn^xtfyrF^ 
y) SrJHvvtv**. *%BBTfiJffl-f§3 5-^ytLT 
«i, &$WC{±fc<£»{i&VV SIS, TfflESflT^ 
£i?)T\ 3^w£Tl^^£v>fc»!W©B§*U tt 30 

f-D'WK»$i*l**U <t 9tSfflttt£ffiT3**:7 

yy • a • tK'J V-b Kny/KOiBsli. Jeyant 
hi^O^ilBiomaterial s, 11, 2 3 
8 ( 1 99 0 ) . J. B i o a c t i v e and C 
ompatible Polymers, 5, 194 
(19 90), J. Pharm, Pharmacol, 
43, 60 ( 1 99 1 ) #88) fcfib> TIT'S 40 

(ffli-ffisi^ifc) *y7-hr^yf^*<o* 

X*lWitth) fcHEMA*>*»«i:tr»&U 

fc, if&t L-C<J0Xf-wy^'j3-;K ^«tLT<0 



[0009] 
[SUM 

1 . tM^tamaij'W 

7to3 7 -yy (isgftts? lot KO-0030 
-0 1 ) te®xuzi><?)Ztiim&zt%<m\vc. c 

PT-ll (lot k003) fcJ;ySN-38 ( 1 
ot 1 0 0904R) »i8^3-4 0 7 7^&$fc 
£TfWfiS86 2-4 7 1 9 ^AfflZffipZtlttttX' 
8!3iUtfc<9£{gfflLJt. fcom^^Miti-^X^mSh 

t lmMttMSa-CWR-f*. (0. 2 5m 

1 ) fc, CPT- 1 lcO*^?g (25mg/m 1.0. 
9ml ) S3t(iSN-3 8W-f b'J^AfflO*SJR(2 
5mg/m 1 , 0. 94ml) t, HEMA (1.00 
m 1 ) £&JnU ±<iI&U:. iX^C L 

txfi/y/03-*(o. 2 5m i ) , mmwtix 
exmmry^-^J*. ( (nh 4 ) 2 s 2 o e ) * 

S»(0. 25ml ) b l2%ZmS&i-h 1 ) 1 7-U (N 
a 2 S 2 O5 ) mm (0. 25ml ) tSrflDX., 37 
•CT'3B#HJllfS^SrffV\ ^ttfiillJSglJWfct-CtfO 
IMt3 7-yy • a • ;K>)v-t Fuy/l/ {Wk£ 
fl; 8mg/m 1 ) «r«Rtfc. 3ii^ P H7. 0 FD 

xiBwiwrrajwk. ***Tatv 6. 8 

5mg/m 1 fcfcofcfcO£fltffl*"C'4 , CC«#U:. 

mm^mm^h^^wm^^m^x^m 
ititntm^vxmsiu itmmtLxn&mz 

[ooio] 2. 3 5-yy**i;35-yy • a • x 

in v i t rotfcvvf, Oy-YV ■ 3 
• v-t FDy;K?D-&*^fclPjeo»{i}*i6tcov^ 
TH^fcfST-ait. 3 5-yy^4*U%*^10% 

^-con^-yy- ^ • *D7-t Koy/i^^uRL 

HiCDlZ*m (Q) "«ri5t>» 2 0 0ml 

Wi ) . itfOt Fay;^l 2 0'C«0te««4't8^N8I 
fcvvt, **Siift**Sr5iE*t»v^r*»^<ioa« (W 

2 ) 5*^, * ( l ) i=J:9-Me*Q*tt»W:. 
Q=10 0x (Wi -W 2 )/w 2 (1) 
±IE ( l ) ^tfcv^t, Wi uj»fflttoU.-W2 im 

mvm&x'hh. zmzktm 1 1^. 

[0011] 

[£1] 



07/01/2003, EAST Version: 1.03.0002 



5 

g 1 

35-V>ti (%> _J 2 5_ 10 

68.12 56.49 46.52 42.83 

[0012] -Rfct Kny;K7)^7i<${i3 5%i»fe 9 

0 %coieHT'J) 0 , £ 0»**^»fc»ifc4fHi 

fc. 3 5-y>14*IWl#**f k LTSHufc*< «>ttB 
^t-oT^O, L^tHEMAOiMllfittWbWSV^v^ 

(calcification) «9&£* 5 |8]Si: fr 

[ 0 0 1 3 ] C i f k o v £>12. 3 y— ¥v 

1 0%WT<7>k<7>fr<^f , 9 7 b*rtC6*»fliaa«rt 
EK^ijB£fcfrfr-3fci:«H&l/0>*. -e;-C35 

-yy^-S-*** 5 1 0%03.7-yy • 3 • !K'j-?-h 

H oy/W"«4»V^***ll»t 4 £ fc J*l 

rmm^m^ztizuz. cpT-i lavsN- 

#«rfcJ:9i5.rfrofc. je*CJSV>fcBjB«£ (Ex, 
nm) fcitfibfcfcR (Em, nm) lifcfljlO'Cfc 

[00 14] CPT-1 1 ; Ex. 368nm s Em. 

433nm. SN-38;Ex. 38 5nm s Em. 

5 3 0 n m |g%WStailfiiJtfi^>^7 h ^-J}- 
*m\\ 200ml»jyS»«)iS(pH7. 4 ) +TH1 
KJiJg 6 0 rpm, m.li3 TC&n^tz. UIZ&ffSM 

"J*»fc. SbfefeJStt^iSh imadzu RF-5 

2 0S5-fflv^„ -ecoM^^SrHlt-^. 
[00 15] Hl^^^^tfcOs 

«frA?-y£jp-rwti35-yy • 3 • *U v-t H 

tai<iRf)a**ifcfc«>i:*i^ cpT-i lav 

s N - 3 8<0M*^)t8Jt<0)Sv>t:J: 2>S5t "ja* 
lifrufc*£&kfc. -flMcHEMA***ra*^a • 
jj?y v- fc fro & t F a^Tii^McaiOWt » -% 
«»» < b u r s t ) SMltf* £>it£ t 
fzaj—yy ■ 3 • ;K'jv-t Hny/UT'ti-e^i o fr 

»ajtt«B**ifr*»ofe. «i^«caffljw»ai* s *5W*» 

(DDS) tLX<vm l &*^?h<Vt'hh. 



) ®BW7-2 77981 

6 

[0016] 3 . SI^Olil+iMSefc 
*H^{i. in vivo (V}*) (CfclvC^JS-'j- 
&OSN-380>JiL&#^£ffl£U:fc«"efcS. * 

• ifj-?-t FD^atfiBttWJiik i/coaa* (cp 

T-l 1&1/SN-3 8) #S«jWl|V*Mlfc. 
flL+T'tiC P T- 1 1 A>*b S N- 3 8^<7)^gt^vg'tt 
s ^4$fi!tC PT- 1 1 UaPfcWC S N - 3 8 
l Mt»3ft*;ifcjWai&ftO>4*)T\ CPT-1 IS 
48HcoVvCi SN- 3 8<0ifilgjl+i6&£8S£LT*&g 

[0017] J^ICffl^fcv^Xtt. S P F79^ 
HO I CR4a»SrWtAt. flflr«63iBfcfrofet.<0 

II SEP-PAK7^f (Wate rs ft 

S, lot 2 3 5 0 1 ) fcffl^Tffofc. S*£1t-? 
fctttt^tiftWJilil-L. «Sr0.. 1N«RT10«* 
8?tTSEP-PAK5^f h#7A£»U #7Art£ 

2m 1 Mfs-jvx-mimiiiz-tti. ®wmm7 

0 K"C* o . ^««cO«ijgtC{±H P L C SrfflV vfe. 
HPLCSJgfefr: 

#7 A ; S i madz u Cosmos I5C 
18 (4. 6^X1 5 0mm) . 

CH 3 CN : H2 0=1 : 4, i©$ ; 1. 0m 
l/min.iSS; 2 5°C. 
&3ftfcffiSS: S imadzu RF-535, 
ijjgfcR: ; 380 nm. £3ftfcK ; 540nm, 
10 ^tfB-^CPT- 1 lJsit/SN-SS^MI+li 

[0 0 18] CPT-1 l7iq§?g (5 0mg/mous 
e) **T»4Lfc«^(H2) , SN-3 8£01«+ 

fro. six«^L < ct542 4B#rafiw^ajRSW (o. 

Oljug/ml ) OTfcfrot. ^^fc^LTSN-3 
8*»iK*S4-Ufc«^ (S3 ) , WfifrhnffiWm 

ij^tz. znmmmn&wmm. cpt-hco 

40 PT- 1 1 *W3t»«t*^'C, £#l*«S N- 3 8<0 

[0019] £nfe«aaipwsa*WHft4-tfc*^i: 

Jt&LT, *JHH<035-^V • 3 • tf'jv-t Hoy 
/l/ia^Lfcff^tt. S N - 3 8 co^-, «4 J iSJ£A< 

ofc. ^^cCPT- 1 • 3 • -KU v- 

bHuy/Uft^P^)^. SN-3 8C0J«4" 

[0020] -*T. 3 5-y> • 3 tK'J "7-h Ho 
50 y*«*»«*JW*j»^4l^^t ftiSiUS+SK 
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8 



-tFn*/l/tt4S*>*a. SN-3 8<7)il» 

*>\i. fozft^t: ± 3 fc*«fc<OC P 
T-l l^rtt^&tSfc^tSfc^S. 
fc, 2 . (ttSRfrfcWftSftfcjl'J in v i v oTt 

[40211 4. #J^fW]^5»£2>J& 
*9«ti:, tfUBCWRMMW^HW"^ Ehr 1 i c 

RW (mg) =a 2 b/2 
5£fcfcWC a (mm) tiB&^m b (mm) (£■ 
**>*g?*&. (3) •C*S*l*M**»H* 

I . R 

I. R. = 



t . marmssfii: mmtmMt <amatm» 
m^mhtvz^h. Ehr i i c hmmatm?? 

[0022] v">XBBEfr fefiaR tfcB*+««Wfc 
4S^S^K^'4 X 1 0 7 c e 1 1 /m 1 £3MRL. Clit 

jo. i m i -fos^an=*TS4Lfc. -b«, «* 

IW^ilittmSN - 3 8 LT 5 0 m 
[0023] 



(2) 



A. T 
A. T 



a. ^mm>^mmmM. 
c. = 



sjih* ( I . R. ) *»«>JtlR£fT-*fc. 
[0024] 

(%) =1- (A. T. A. ) / (A. T. C. ) (3) 
**<0£3l£3l2fcS3fc>r:W:. 

[00251 
[312] 



S 2 



c pt - i . tfu-y-b KP g^g^^ggyfeg 



14 0.81+0.48 0.84+0.55 

4.25*1.55 8.88+0.62 8.7 

6.51±2.23 6.0441.33 7.2 

*ft»*0.05£«TT«*fi**)<. 



Eil:» 



21 
28 



0.59±0. 29 


27.2 


1 39*0. 27* 


51. 9* 


3.01*1.06 


29.2 


1 76±1. 42* 


58. 8* 


4.66*1.44 


28.4 


3.12*2. 44* 


52. 1* 



[00 261 



g 3 



14 
2] 
28 



0. 75*0.55 
4.43*1.34 
7.11+1.51 



0. 67*0.53 


10.6 


0. 54*0. 37 


28.0 


0.42 ±0.48 


3.93*2. 30 


11.3 


3. 38*0.94 


23.7 


2L 43*1. 24* 


6. 60*1.98 


7.2 


5. 61*1- 28 


21.1 


3.51*2.17* 



(X) 
44.0* 
45.1* 
50,6* 



[0027] I. R- 
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50-60%. sN-38-&*37-yy • 3 -tf'J-? 

-tHo^&Jj-Sf (*3) ?H;4 0~5 0%£*U 
iHJHStoiat:***** 5 *^*^. ******** 

t&fctf>k#;l^ft&. 

[oo28] (»tiM»») ttmmw»tm ( 5 



1 o 



* ( 5E) s ( 1 0Et*l±9E) 

[0029] T/C (%) =100X (A. S. A. ) 

/ (A. S. C. ) 
T/C=±#$Fa@*$ 
A. S. A. =fi^«b¥^#WRB*l*Bft 
A> s . c . =»B^«o¥^#»ra3S*B^ 
10 11***4 fc*5fc«Lfc. 

[0030] 

[*4] 



g 4 







T/C0K) 




Kim 


34. 2± 4.4 


100.0 


0/ 5 


CPT-llTkiSfc 


37. 2± 2.4 
41.0± 5.6 


108.8 
119.9 


0/ 5 
0/ 6 


3 • ^'j7-tKP^ 


51.2+11.5* 


149.7* 


1/10 



[0031] 



« * [*5] 
% 5 







T/C(%) 






30.0+ 3.2 


100.0 


0/5 


SN-38*fcifc 


30. 2+ 2. 6 
33.5+ 3.6 


100.7 
111.7 


0/5 
0/6 




46.3±14.7* 


159.5* 


1/9 



* feRsPO. 05B1T <) o 

[0032] m^~yy ■ 3 • #'J Fny;t/ 
y>i*a*u:**» *«jmw*l<**u i so 40 

X*T±*Ufc. SCCPT-lls SN-38&*- 

fm&iJM^fc^***^**** 1 *' Ehr 1 
ichB««B*faL-ClBtt. 5B3L 9Bftfcl 
00mg/kg-roft300mg/kgc7)CPT-l 1 

*»«ttt4bfc«^t»T/Cttl 3 0XW*Ml 

■f ft*4#>Wil 0 2BTi59§Si^i&a > '>*. CI 



t *%$ft£. wiwos****^* s - k ti*^# 

[0033] 

+oa0WiMte*i^*wfc^*S. ifc, **** 
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(7) 



1 1 



1 i«J:t;SN-3 8O»ajl«<03B**SLfcHTft hh. 
l icoft 



1tg?FF7-2 7798 1 

1 2 

^1 



100 



80 



60 



to 



ll 

ft I — 



[01] 



• 



1 L 

'0 I ? * 6 5 6 



• CPT- I I 



[02] 




A C PT- I I SW3"5-^> ■ ^ ' J^-t KoY* 
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(8) #8^7-2 7798 1 




* i a 3 * a (a) 

• SN-JI Na(B*8B, 

A SN-3B NaB4H3*-^ ,3- *"-t' ,1, y* 



(51) Int. CI. • at»M JfrtgS#^ FI Sri«*fiTOf 

CO 7D 491/22 7019 -4 C 
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